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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


15th. SESSION (ROME, 1950). 


QUESTION VIII. 


In view of the ever increasing weight of road competition, 
what are the most appropriate measures, apart from reduced 
rates, for keeping traffic by full wagon loads in the hands of 
the railway ? 

Would not road transport at the end of the railway journey be 
justified in order to get direct contact with clients who are not 
connected up by railway sidings ? 

Should not the road vehicles required to assure such transport 
be attached to centre stations, equipped with suitable handling 
equipment, from which the road transport services would start ? 


Choice of the vehicles to be used. 


REPORT 


(Belgium and Colony, Denmark, France and Colonies, Luxemburg, Netherlands and Colonies, Norway, 
Poland, Switzerland and Syria) , 
by GrIRETTE, 
Chef du Service de l’Exploitation de la Région Sud-Ouest de la Société Nationale des Chemins de fer frangais. 


INTRODUCTION 


After a period in which their sole pre- 
occupation was the difficulty of dealing with 
all the traffic, the railways once more find 
themselves affected by ever increasing road 
competition with ample resources avail- 


able. 


This competition operates in a way that 


in 


makes it quite clear that cost alone does 
not decide the choice of transport. Other 
factors, especially speed, saving in handling 
and packing, and commercial convenience, 
often play a preponderant part both in the 
case of goods sent by full wagon loads and 
the small consignments and parcels traffic. 

It is more necessary than ever to make a 
thorough analysis of all the transport factors, 
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other than the cost, which the client will 
take into consideration in making his 
choice between the railway or road trans- 
port. 

By means of terminal lorry services the 
railway can reach clients who are not 
connected to the railway; the first part of 
this report will consider whether it is expe- 
dient to develop haulage services for full 
wagon loads under the responsibility of the 
railway, and how such services should be 
organised. 

There are however other ways of reaching 
such clients, such as taking the wagons to 
the consignee by using special trailers or 
rail-road vehicles, or by using containers. 
The second part of the report is devoted to 
the examination of these various means. 

Finally, we will recall the part which 
speed, regularity of transport, use of special 
wagons, etc., should play in the fight against 
road competition. This is the subject of 
the third part of the report. 

We sent our questionnaire to 48 Admi- 
nistrations in the following countries 
Belgium and Colony, Denmark, France, 
Colonies and Protectorates, Luxemburg, 
Norway, Netherlands and Colonies, Poland, 
Switzerland and Syria. 

We wish to tender our sincere thanks to 
the Administrations who, by their very 
complete replies, facilitated the preparation 
of this report 
The Belgian National Railway Company; 
The Danish State Railways; 

The Luxemburg National Railway Company; 
The Norwegian State Railways; 
The Swiss Federal Railways; 


The Departmental Railway Company 
(France) ; 


The Algerian Railways; 

The Gafsa Railways; 

The Tunisian Railway Company; 

The Morocco Railways; 

The Indochinese Railways Company; 

The Damas, Hama and Extensions Railways; 
The French National Railway Company. 
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FIRST PART. 


It appears extremely attractive in the 
fight to defend railway transport to encou- 
rage the railway services to organise haulage 
services themselves in the case of goods car- 
ried in full wagon loads between the station 
and the client’s premises, or vice versa. 


This saves the client the bother of finding 
a haulier, and above all means direct 
contact with him, thanks to which the 
client’s requirements and any threat of 
competition are discovered much more 
quickly. 

The client, in addition to being saved 
this bother, is assured of a service which 
will collect his goods on request and with 
the same transport times, official prices and 
guarantees that he obtains with a transport 
contract made with the railway. 


And yet in spite of these very great 
advantages, the terminal transport of 
full wagon loads by the railway is not 
very extensive to date. The reasons seem 
easy to understand. Many clients have 
their own lorries and think it better to carry 
out their own terminal transport. Those 
who make use of public hauliers expect 
from them certain additional services which 
a public service cannot foresee in advance 
and include in its rates. In addition with 
the services organised by the railway, it is 
difficult to differentiate the rates in accord- 
ance with the importance and quality of 
the traffic so as to prevent competing private 
hauliers from taking the cream of the traffic 
and leaving the less attractive to the railway. 
Finally, the commercial links which the 
hauliers have with their clients, are a 
guarantee of their duration; and since they 
do not wish to go out of business, any 
steps the railway may take to fill their 
place will only set them against it. 


The above are-the pros and cons for the 
organisation of terminal road transport for 
full wagon loads by the railway. 


It is not surprising therefore that the 
replies received to the questionnaire failed 
to bring out evidence of a choice which 
many Administrations have not yet explici- 
tely made. As we will see further on, only 
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two Administrations have organised terminal 
road transport services on an important 
scale. 


The questions of a general order which 
this subject gives rise to do not stop here. 
If it is agreed, that, all things being taken 
into account, the terminal road _ services 
worked by the railway or for which it is 
responsible, should be extended, a choice 
must be made between two very different 
types of organisation : 


— either each client is served from the 
nearest station; 


— or the terminal transport services are 
concentrated at a limited number of sta- 
tions, which act as centres for the service 
of all clients within their area. 


The first system is doubtless the easiest 
to put into operation; but it does not 
diminish the cost of railway transport in 
any way; and, unless it is to be an addi- 
tional expense, it must cover all its own 
expenses by its own receipts. 


On the other hand, the concentration of 
the service into a certain number of centre 
stations can, it would appear, lead to lower 
railway costs. Intermediate stations can be 
closed down. In this way the stopping 
goods trains will be lightened, speeded up, 
and their cost reduced. Indirect advantages 
will also accrue, such as the greater facility 
in establishing the timetables for the other 
trains on lines with heavy traffic, reduced 
shunting costs in making up the stopping 
trains, etc. Finally the concentration of the 
haulage services in a single establishment will 
make it possible to obtain a better use of 
the stock than when it is dispersed. 


Therefore, when making a comparative 
balance sheet of the two types of organisa- 
tion, it is necessary to take into account the 
fact that the road services will be over 
longer distances, but with a better output 
from the stock and staff; the possible increase 
in expense will be made good by a reduction 
in the railway journey and by the savings 
obtained by closing down certain stations. 
Under such conditions it may be that the 
organisation of haulage services around 
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certain carefully selected centre — stations 
will be the most economic solution. 


None of the replies received from the 
Railway Administrations indicate that they 
have had occasion to carry out for them- 
selves a thorough comparison between 
the different possible methods of organisa- 
tion, so that their choice can be based on 
a sure foundation. The problem would not 
appear to have passed beyond the stage of 
qualitative analysis of the sort outlined 
above. 


It appears that it would be very desirable 
to make some properly worked out investi- 
gations. 


In what follows, we have to limit ourselves 
to reporting the few cases about which 
we received concrete information. 


We have clasified the replies received 
according to the two types of organisation 
outlined above. 


A. Terminal transport of full waggon 
loads to or from the nearest station. 


The Swiss Federal Railways and the 
Tunisian Railways at the present time are 
the only ones to assure the terminal trans- 
port of full wagon loads at all the stations 
where it is of interest. In Belgium, the 
services organised for the terminal transport 
of small consignments in certain cases also 
deal with the delivery of full wagon loads 


The French National Railways only 
deliver full wagon loads on behalf of certain 
public Administrations, for example in the 
case of the transport of tobacco; in principle 
therefore they do not carry out the haulage 
of full wagon loads. 


Before the war, they were considering 
collecting and delivering full wagon loads 
through their ancillary companies. With 
this object in view they prepared various 
haulage rates based on the kind of goods 
transported; but in spite of their diversity, 
these rates were not sufficiently flexible for 
adaptation to all the traffic variations and 
to all the forms in which traffic of the same 
kind can be transported. For these reasons, 
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as well as those outlined in the general 
considerations given above, the project 
was not followed up. 


None of the other Railways consulted are 
considering creating a special organisation 
to assure the terminal transport of full 
wagon loads at all their stations. 


We sum up below the replies received 
from the Swiss, Tunisian and Belgian Rail- 
ways, who are the only ones carrying out 
door to door transport of full wagon loads. 


1. Does the organisation cover all stations and 
all kinds of goods in full wagon loads? 


In Switzerland the organisation extends to 
all stations and depots open to traffic by 
full wagon loads where the need for such 
a service has been felt. The terminal 
transport is limited to full loads weighing 
not more than 9 1/2 t. Only building 
materials and fuel in bulk are excluded, 
except for regular transport of such mate- 
rials under a special agreement. 


In Tunisia, haulage is available for full 
wagon loads at all stations serving towns 
of a certain size (56 stations out of 136). 
Practically all goods are covered, except 
liquid fuels. 


In Belgium, full wagon loads can be 
delivered home at all the stations where 
door to door services are in operation for 


the parcels traffic. Certain goods are 
excluded, such as furniture, goods in 
bulk, etc. 


2. Development of this organisation since its 
mauguration. 


Expected development in the future. 


In Switzerland, the organisation set up in 
1927 continued to develop up to 1947. 
Since then the traffic has fallen off, owing 
to the extension of private transport. 


The tonnage of full wagon loads collected 
or delivered represents 5 to 7 °%/ of the total 
traffic (15 million tons in 1947), 


Most of the consignees have their own 
lorries, so that any great development 
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of the transport of full wagon loads from 
door to door is not expected. 

In Tunisia, the tonnage hauled increased 
from 50000 tons in 1938 to 250000 in 
1949, which represents the following per- 
centages 


Compared with 
traffic other than 
heavy traffic 


Compared 
with the 
total traffic 


1938 2307, TA 


1949 ti Se 2 Sane 


It is hoped that it will increase still further. 


In Belgium, terminal haulage services for 
full wagon loads by the Belgian National 
Railways are not extensively developed. 
In the two main céntres the monthly 
average is about : 


25 dispatches 150 tons to Brussels; 
9 dispatches, 50 tons to Antwerp. 


It is practically nil throughout the rest 
of the country. 


3. Method of carrying out the transport : 
— by the railway using its own staff and stock; 
— or by a haulier under contract, giving the 
method of payment and types of contract. 
In Switzerland, the transport is carried 
out by so called official hauliers under 
contract to the Swiss Federal Railways. 
They are paid according to the weight 
carried and the distance. 
In certain cases where the rates do not 


cover the cost, the railway subsidises the 
official haulier. 


Jn Tunisia, terminal transports are gene- 
rally carried out by contractors at a price 
per ton fixed in advance according to the 
kind of goods. 

Part of this transport is however carried 
out by the Railway with its own staff and 
lorries to make good the defaulting of 
hauliers and to keep the rates at a reas- 
onable level. 
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In Belgium, at Brussels and Antwerp and 
in some fifty provincial centres, the transport 
is assured by the railway, using its own staff 
and stock. The other provincial services 
are operated by private enterprise and the 
haulier is under contract and paid a fixed 
amount per ton delivered or collected. 


4. Details concerning the time taken to collect 
and delwer from clients premises and the rates 
charged for these services (kind of rates and price 
levels ). 

In Switzerland, no time is laid down for 
collecting goods from clients; it is done as 
quickly as possible. ‘The delivery time only 
counts from the time the goods, loaded 
onto a wagon, are handed over to the rail- 
way with a waybill. The goods must be 
delivered home within the delivery time 
guaranteed by the railway. ‘The charges 
for collection and delivery are zonal, and 
are based on the actual weight to the 
nearest 10 kg with a minimum per consign- 
ment. 


Contracts are allowed between the official 
hauliers and clients, provided the rates 
are lower than the official rates. 


In Tunisia, there are no guaranteed times 
for delivering or collecting goods home; 
in practice, collections are made to suit 
consignors and deliveries take place as soon 
as the wagons arrive. 

There are no corresponding haulage 
rates, the cost of the terminal road transport 
being included in most cases in the rates 
for door to door transport which cover both 
the railway rate and the cost of the haulage 
services. 

In Belgium, delivery home takes place the 
same day that the wagon arrives at the 
station; goods are collected not later than 
the day following the order. 

The rates are fixed by weight to the 
nearest 100 kg with a minimum per con- 
signment. 


5. Data concerning the types of stock used, 
the average output and per kind of good, and the 
actual cost. 


In Switzerland, haulage contractors are 
free to choose their stock. The number 
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and characteristics of the vehicles used 
varies considerably according to the import- 
ance of the services and the extent of the 
district. 

The cost as calculated by the hauliers is 
checked by the railway when drawing up 
the official rates. 

The railway does not possess any infor- 
mation about the output of such services, 
but considers that the output of the official 
haulage services is relatively small. 


In Tunisia, according to the kind of goods 
and the haulage distance, use is made 


— either of horse-drawn vehicles of 
1 or 2 tons to carry cereals or flour 
in the towns; 


— motor vehicles of 3 to 5 tons (Railway) 
to operate the haulage services in the 
towns or over short distances; 


— 7 to 15¢t- vehicles (Contractors): 
especially to carry cereals over average 
or long distances. 

The output of the railway vehicles is 

from 10 to 20 t per day. 

The cost of such services in the towns 
(up to 3 km) varies between 100 and 300 frs. 
per ton according to the kind of goods and 
and the sort of vehicle used (horse-drawn 
or motor vehicles). 

For haulage services over longer distances 
(up to 30 or even 50 km (18 or even 31 
miles)), the cost per ton kilometre falls 
with the distance and varies between 20 frs. 
and 12.50 frs. 


In Belgium, no special stock is used to 
carry full wagon loads. 


6. Data concerning the financial results of 
terminal road transport. Does it pay its way or is 
it subsidised from the railway receipts? If so, to 
what extent? 

In Switzerland, the haulage rates are fixed 
so that, as far as possible, the terminal road 
transport pays for itself. 

In Tunisia, as a whole, especially for 
cereals, the terminal road transport pays 
its way. However in certain cases, the 
price of transport by rail has been kept 
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below that which would have been justified 
by the increasing costs so that the whole 
(railway rate plus terminal charges) does 
not exceed the limit fixed by the prices of 
competing road hauliers. 


To get back certain traffic for the railway, 
the door to door transport rates are some- 
times below cost, varying from the total 
railway rate plus the normal cost of the 
terminal charges. 


In Belgium, it is considered. that the 
terminal transport of full wagon loads does 
not pay its way, and costs about 30 °%, more 
than the receipts it brings in. 


7. Are clients obliged to make use of the 
door to door services? Or are they only supplied 
on demand? Under what conditions? 


In Switzerland, the door to door services 
are not obligatory and thé client is free to 
ask for all his goods to be delivered home 
or only part, carrying the remainder himself 
or by means of private contractors. 


In Tunisia door to door services are only 
worked on demand. No conditions are 
imposed. 


In Belgium, the client must ask for goods 
to be collected or delivered home. 


A full wagon load can only be delivered 
home if the wagon has been loaded by the 
railway or if the consignee assists in unload- 
ing it. 

Clients are able to have part of their 
trafic delivered home, whilst having 


the remainder transported by a_ private 
firm. 


8. Handling at the station and at clieni’s 
premises for loading and unloading lorries. 


By whose staff with what mechanical aids? 


If the client himself loads and unloads at 
his premises, how much time is he allowed? 


In Switzerland, handling at the station 
and at client’s premises is done by the 
official lorry drivers themselves or if need 
be with the mechanical aids provided 
(cranes, carriers, hand-trucks, block and 
tackle, etc.). 
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In Tunisia and Belgium, the handling is 
also done by the lorry drivers or by the 
Railway when it carries out the transport 
itself. 


No special equipment is used. 


9. What are the main difficulties which had 
to be overcome to get ihese services working 
satisfactorily? 

In Switzerland, the 
were : 


greatest difficulties 


— standardisation of the rates of the 
different hauliers in order to create 
a simple and effective system to 
fight competition; 

— to make sure that the official haulers 
does not give priority to certain more 
remunerative transport, such as furni- 
ture removals, and does not exceed 
the agreed prices; 

— in certain cases the impossibility of 
reducing the costs of the terminal 
transport sufficiently, so that added 
to the cost of railway transport, it 
was in a position to meet road 
competition. 


In Tunisia, it was difficult to prevent the 
hauliers charging excessive rates. Some 
of them were in the habit of charging traffic 
to the station the highest possible rates 
whilst offering competitive rates for through 
transport. Some of them have agreed to 
collaborate with the railway. When they 
failed to do so, the contractor has been 
changed, the haulage services being run 
temporarily by the Railway if needs be. 

Difficulties were also experienced in 
identifying goods, as well as in the handling 
and make up of loads. Thanks to constant 
vigilance, there is now no more litigation 
in the case of door to door transport than 
in the case of ordinary transport. 


In Belgium, no special difficulties. 


10. Results obtained. Reaction of railway 
clients. Attitude of the Public Authorities, 
Reaction of the public road hauliers. 


In Switzerland, this service is in general 
appreciated by clients. There has been no 
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appreciable opposition from the public 
road hauliers. The Public Authorities have 
given the necessary licences. ‘Thanks to 
the door to door services the railway has 
retained transport menaced by competition 
which otherwise it would have lost. 


The results have been fairly satisfactory 
but could have been still better. 


In Tunisia, the clients are satisfied with 
this transport. The Public Authorities 
encourage these services, and the State 
Departments were amongst the first to use 
them. 


On the other hand the road hauliers are 
constantly pressing for the Railway to be 
forbidden to operate its own haulage ser- 
vices and opposing the organisation. 


The return to the railway of the whole 
of the transport of monopoly products 
(tobacco, tea, salt, etc.) which the road had 
to a great extent stolen, is due to the 
organisation of the door to door services 
serving 40 centres, some of them 200 km 
(124 miles) from the nearest station. 


In Belgium, so far there has been no 
development of door to door services for 
full wagon loads. The multiplicity of private 
transport services and the short distance to 
the nearest station mean that clients not 
linked up with the railway can_ usually 
manage very well without the additional 
services offered by the Belgian National 
Railways. 


B. Terminal transport of full wagon 
loads from certain centre stations. 


There is no organisation of the terminal 
transport of full wagon loads from centre 
stations on any of the Railways consulted. 


Since the 3rd May 1948, for reasons of 
economy, the Luxemburg Railways have 
replaced the railway services on certain 
narrow gauge lines linked up with standard 
gauge lines by a motor lorry service. In 
the same way in France, the Departmental 
Railways have replaced the railway services 
on certain lines or sections of line of local 
interest, one of the roles of which was the 
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carrying out of terminal transports, by 
road services. The S. N. C. F. is going to 
carry out trials as regards replacing the 
railway services on certain small lines by a 
road service, to obtain comparative balance 
sheets. 


Although the problem dealt with by 
each of these Administrations is not exactly 
that set out in the questionnaire, we sum up 
below the information received. As regards 
the S. N. C. F. it is merely a statement of 
opinions, since the trials have not yet begun 
or are only in the premilinary stage. 


1. Choice of stations. — Determination of 
their sphere of action. 


Luxemburg has adopted as centre sta- 
tions the junction stations of the suppressed 
lines and the standard gauge lines. 


In the same way, the French Depart- 
mental Railways selected as centre stations 
the old junctions with the main railways. 


The S. N. GC. F. consider that as the 
centre station is chosen on account of its 
geographical position in relation to the 
line or group of secondary lines to be served, 
its radius of action should not exceed 50 km 
(31 miles). In principle the haulage 
services deal with all kinds of goods. 


The Departmental Railways make an 
exception however in the case of very bulky 
goods or weighty goods which are too big 
or heavy for the lorries. In the case of goods 
for private sidings on the suppressed lines, 
the S. N. C. F. think it better to retain the 
railway services when such sidings are 
close to the junction on the main line. 


2. Methods of carrying out the transport. 


The Departmental Railways carry out 
the transport with their own staff and road 
vehicles. 

The radius of action is determined by 
the choice of the transits maintained and 
the development of the zone of action of 
the departmental concession. 

In Luxemburg, the transport is assured 
by hauliers under contract to the railway, 
who are given a fixed sum per km and per 
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100 kg, including the cost of transport and 
handling, or a lower rate for the transport 
and a price per ton varying according to 
the kind of goods for loading and unload- 
ing operations. 

The haulier works the service at his 
own risk and peril and is responsible to 
the railway for any damage, loss, or shortage 
after taking over the goods for the road 
journey or during loading and unloading 
operations. 


The S. N.C. F. consider that the road 
services should be carried out on their 
behalf and that they should be responsible 
from one end to the other; they will make 
use of hauliers under contract, paid per 
unit of tratiic. The S. N. GC. F. will be 
responsible to clients for all losses, shortages, 
damages or delays, and the haulier will be 
responsible for his services to the S. N. C. F. 


This responsibility for the transport 
from one end to the other which the S. N. 
C. F. desires to have in organising the 
haulage services around the centre stations 
is justified by the fact that the risk of 
losing traffic to road competition is much 
greater in this case than in the standard 
organisation of haulage services at each 
station. 


If the organisation of the traffic to the 
centre station was left to contractors inde- 
pendent of the railway, they would be 
strongly tempted to take away from the 
railway such traffic as it would be most 
remunerative for them or long distance 
road firms to transport by road over the 
whole journey. 


3. Delivery and collection times; rates charged 
the public. 


In Luxemburg the transport is carried 
out from One end to the other at the rates 
and conditions in force on the railway. As 
regards the handling carried out by the 
contractor, a sum per ton or part ton is 
charged which varies according to the kind 
of goods and method of unloading at consi- 
gnee’s premises (by hand or with dumpers). 

On the Departmental Railways the 
delivery time depends upon the regulations 
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concerning the standing of railway stock 
at the transit station. Collection is assured 
according to the availability of stock 
within a period which does not generally 
exceed 48 hours. The rates are very simple 
and do not take the kind of goods into 
account. They can be divided into two 
headings 


a) kilometric rate loaded or empty; 


b) rental on a time basis with a minimum 
mileage and kilometric rate. 


Special season rates and contracts can 
also be made. 


On its side the S. N. C. F. proposes to 
continue to apply its own rates over the 
whole journey. A very small surtax will 
be charged for collection and delivery home 
in the case of traffic which does not concern 
either private sidings or rented sites. 


4. Data on the financial results of terminal 
transport. 


As the services operated in France by the 
Departmental Railways and in Luxemburg, 
or under consideration by the S. N. C. F. 
take the place of suppressed lines, it is impos- 
sible to answer the above question directly. 

However, the S. N. C. F. consider that 
the operation of haulage services from centre 
stations should be more advantageous than 
services operating from all the stations. 


5. Loading and unloading lorries at the station 
and at customers premises. 


On the Departmental Railways the 
handling is done by the railway staff at the 
station, and at customers premises either 
by the customer or by the lorry driver 
against payment. No fixed time is stipulated 
for loading and unloading the lorries: it 
must be done as quickly as possible. 


The S. N. C. F. expect the loading and 
unloading of lorries to be carried out in 
principle 

— at the centre station by the. contrac- 

tors in charge of the road SErVICes ; 


— at client’s premises by the clients 
themselves. 
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In principle clients will be allowed the 
same time for loading and unloading 
lorries as they had for loading and unload- 
ing wagons at the station. For this purpose 
trailers which can be left at client’s premises 
will be largely used. 


6. What are the main difficulties you had 
to overcome to obtain satisfactory working of 
this organisation? 


The Departmental Railways report that 
one of the difficulties is the lack of prevision 
in the traffic announcements. The transport 
of full wagon loads was preceded on this 
Railway by an organisation of the parcels 
traffic which now facilitates the service since 
the stock is standardised and interchangeable 
and it is easier to meet traffic peaks. 

The S. N. C. F. is of the opinion that the 
chief difficulty to be overcome is the neces- 
sity to have available at each centre station 
a very diverse assortment of vehicles so as 
to be able to carry out all sorts of transport 


(lorries, dumpers, tank wagons, cattle 
trucks, etc.), difficulties increased by the 
considerable variations in traffic which 


have to dealt with. Each contractor cannot 
be expected to cope with traffic peaks on 
his own, so the 8. N. C. F. consider that the 
hauliers responsible for the road services 
of several sections of line should form 
themselves into a professional association 
to guarantee the execution of the service 
and supply the necessary staff and vehicles 
to deal with the traffic from the centre 
station. 


7. Results obtained. 


Luxemburg estimates at 140 000 Belgian 
francs per km of line suppressed the annual 
saving obtained by the organisation of road 
services. 

The Departmental Railways also con- 
sider that road services are much cheaper 
to run than the railway whose place they 
take. The public and the public autorities 
are in favour of the road services, but the 
road firms who resent successful competition 
are definitely against them. 
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SECOND PART. 


Although terminal road transport ser- 
vices for which the Railway is responsible 
is in practice the most general method used 
to reach clients who are not linked up 
with the railway, the fact remains that this 
can never really be door to door transport 
since 1t does not do away with the handling 
of the goods at the station. 

Now the importance of having to tranship 
from lorry to wagon or vice versa becomes 
greater every day. When road competition 
began the suppression of such intermediate 
handing did not seem really essential 
except in the case of fragile goods, or to 
reduce or even do away with high packing 
costs. ‘Yoday however it is quite clear that 
any transhipment at a station, which often 
has to be done by primitive means, con- 
sumes a considerable amount of labour, 
often with a poor output, which makes 
it very costly. Everything therefore is being 
done to economise on such handling, even 
for goods of little intrinsic value, where ne1- 
ther fragility nor cost of packing comes 
into account : the object is quite simply to 
reduce the cost of a factor which plays a 
considerable part in the cost of delivering 
the goods home. 


This old problem is therefore once again 
a very topical one. The container which 
proved so successful in the case of furniture 
or parcels traffic now sees its sphere of ac- 
tion extended by degrees to full wagon 
loads. 


Other methods have also proved their 
value after extensive experience, both 
wagon carrying trailers and road-rail trailers. 
Finally under this same heading we may 
also include special handling gear intended 
to link up a station siding with a firm which 
cannot have its own siding. 

By all these methods door to door is 
assured just as effectively as by road 
transport : better at times, in so far as the 
time railway stock can be left at a client’s 
disposal is often longer than that which 
the road haulier can allow if his rates are 
not to suffer from the appreciable lowering 
of the turn round of his lorries. 


The development of these various tech- 
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niques would seem therefore to be of major 
importance in the fight against road 
competition. We will now consider the 
advantages proper to each one of them, 


A. Transport in containers. 


The use of containers has in the past 
given rise to a great many studies and 
publications. Here we will limit ourselves 
to considering the use of containers for 
transporting a sufficient tonnage of goods to 
come under the full wagon load rating. 


1. Do you consider it possible and desirable 
to develop the use of containers for the transport 
of goods in full loads? 

If you are already using them, can you give 
some information concerning the 
transport under the full load rating carried in 
containers ? 


Can you show how such transport has grown 
since first started? 

For what kinds of goods is it best suited? 
What 1s the percentage of such transport compared 
with the total transport by full loads? 

Gan you give any concrete examples of fighting 
road competition for full loads by using containers ? 


The Administrations consulted are practic- 
ally unanimous in affirming that it is possible 
and desirable to develop the use of the 
container for transporting goods in full 
loads. 

In Holland this method of transport is 
continually increasing in importance as 
the following figures show 


1945 14 308 tons; 
1946 71 141 tons: 
1947 : 145577 tons; 
1948 : 242099 tons; 
To end of July 1949 : 170 389 tons. 
For some time Switzerland has been 


carrying out trials with the same type of 
containers as those used in Holland; the 
results obtained have been satisfactory. 

Belgium has 300 containers (150 open 
and 150 closed type) under construction, 
also of the type used in Holland. 


Naturally transport by means of con- 
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tainers is used above all for fragile goods 
requiring careful handling or costly packing 
(glass, pottery, novelties, papers, furniture, 
machine spares, etc.) but their use is also 
being extended to the transport of liquids 
and powders, and goods in bulk (wine, 
industrial liquids, cement, coal, lime, bro- 
ken glass, tiles, bricks, etc.). 


In France in particular the use of cont- 
ainers for the transport of wine is becoming 
very widespread. 

In Holland it is considered that the use 
of containers for full loads is the only 
effective way of fighting road competition. 
Switzerland and France have noted many 
cases in which traffic has been recovered 
thanks to containers. 


Amongst the examples quoted by the 
S. N. C. F. here are two which seem to be 
typical. The first concerns the transport 
over 300 km (186 miles) of cement in bulk 
intended for the building of a dam, which 
after being enticed away by the road, 
returned to the railway thanks to the good 
turn round of containers each holding 4 to 
4 1/2 tons of cement (4 containers per 
wagon). In all 12 000 tons of cement will 
have to be carried. 


The second example concerns the trans- 
port of mineral waters : one supplier 
appreciates the container which enables 
him to supply several clients in the same 
town or nearby very cheaply by loading 
several containers onto the same wagon, 
each one addressed to a single client. 


2. Are you extending the use of large con- 


lainers or special containers? 


The Administrations consulted have not 
reported the use of containers of more than 
3 tons capacity. Such large containers 
could in fact only be used between stations 
equipped with the necessary lifting tackle. 
It would appear better to obtain the greater 
tonnage by loading several containers onto 
the same wagon for either one or more 
consignees, 


We give hereafter the characteristics of 
the containers used at the present time by 
certain Administrations for full loads. 


1 \ ell 
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Outer dimensions 


: di - 
Owning pas Tare Internal Maximum 
Railway oe No. capacity | useful load 
container Length) Width! Height 
kg m3 kg m m m 
Holland closed 1 200 12 5 000 3 7 ?) 
NS open 900 5 000 3 DAOy | WA 
41 open 129 520 to 605 3.4 to 3.7] 4645 to 4730 DPMS) sil) 1.10 
42 closed | 689 760 to 1 320 8 to 8.8} 3920 to 4 490 Diy AMS |2 PO to 
| MEY) 
France 61 open 131 540 to 605 Se) 4 645 to 4710 3s) PLANS 1.10 
SNCF 62 closed | 531 930 to 1 750 412 to 13.6} 3 500 to 4 320 eS) Psy |Z ie, 
DESS 
82 closed | 148 1 200 to 1 450 18.6 B X00 ino EO) |) Besley | Was) | 2) 


These containers are all fitted with rings 
so that they can be hoisted by crane. 

The Dutch containers are also fitted with 
runners to make it easier to move and load 
them. These containers are transported 
on special wagons equipped with transversal 
rails (3 containers per wagon). 

Holland is not in favour of providing 
special types of containers. hey only 
possess 27 tank containers for carrying fuel 
oil (holding 5 1/2 m3, weight 95 t). 

Thess: Ne Cale leave it to clients to 
build any special types of containers or 
large containers adapted to their special 
transport requirements. 

The development of the use of containers 
in France, which is very marked in spite of 
the reduction in the total tonnage carried 
as full loads, will have an effect on the 
composition of the stock of wagons, which 
will have to be very carefully studied. 


3. Do you consider it advisable to extend the 
use of privately owned containers? 

What steps are you taking to encourage their 
development ? 


In Belgium and Switzerland, the Admi- 
nistrations consider the development of 
privately owned containers a good thing 
since the capital invested in them will tend 
to keep their owners faithful to the railways. 
These Administrations therefore favour this 


development by granting rating benefits : 
Switzerland for example carries registered 
containers free when empty -and has 
simplified the registration formalities. 


On the other hand, the Netherlands 
Railways do not consider it in their interest 
to develop the use of privately owned 
containers which seem to them to favour 
the loss of transport to other transport 
techniques. 

In France, the S. N. C. F. are in favour 
of and encourage the development of 
privately owned containers, but recognise 
that guarantees must be given to make 
sure ot they are not diverted and used 
on lorries or barges. 

In their opinion, clients are better able 
to build containers exactly meeting their 
particular requirements than the railway 
can; special containers ensure the maximum 
saving of packing and handling. 

Transport carried out in privately owned 
containers benefits by the usual wagon rates 
reduced by a percentage varying ‘with the 
distance and type of container used (tank 
or other than tank). 


4. Have you invented any special gear to 
handle containers at the stations? 

Do you yourself always carry out such handling 
at the station? Is the cost included in the cost of 
railway transport? 


336/12 


Does the client have to cope with the transport 
of containers between the station and his premises? 
Or is this always done by the railway? If so, 
under what conditions? With what vehicles 
(lorries or trailers left at clients? premises, 
special gear, etc. ).? 


In Switzerland, Belgium and France the 
Railway Administrations leave the handling 
of containers and their transport between 
the station and client’s premises to the 
client. In Belgium the use of lifting tackle 
available at the station is charged for in 
addition to the cost of the transport. 


In France, the S. N. C. F. allow clients 
to use lifting gear suitable for handling 
containers free of charge; in addition at 
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good speed on the road, and deposit or pick 
up the container at ground level at the 
customer’s premises. (See fig. | and 2.) 

These operations are charged for by 
means of a fee added to the transport rate, 
the latter being the same for full loads in 
containers and in ordinary wagons. 

The Dutch technique is now being used 
in Switzerland with the same equipment, 
experimentally, and will soon be tried out 
in Belgium. 

In Switzerland the first results obtained 
have proved satisfactory. 


9. What steps have you taken to reduce the 
cost by avoiding having to load only one container 
per wagon? 


Fig. 1. 


certain stations they have provided 5 t 
motor cranes which can run on the road 
at a maximum speed of 35 km. h. 


In Holland, everything is done for the 
customer. Handling at the station and at 
his premises, and transport between the 
station and his premises are carried out 
entirely by the railway, which uses for this 
purpose a tractor and bogie trailer of a 
special type known as a DAF unloader. 
These two vehicles make it possible to load 
or unload the container onto the bogie very 
rapidly without any other gear, travel at a 


— Holland. Transfer of a container on a DAF unloader. 


Are you in favour of grouping containers over the 
common part of the journey? How do you do so? 

In Holland the wagons are designed to 
take 3 containers : in order to get complete 
loads, if needs be containers consigned by 
different consignors are grouped together 
on the same wagon. Ifnecessary the Railway 
makes an agreement with clients to favour 
such grouping. In 1948 on the average 
2.3 containers were loaded per wagon. 

Switzerland groups containers of the 
NS type over the common sections of the 
journey. 
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In France, the S. N. C. F. favours such 
grouping by rating measures including the 
granting of a refund equal to 60 % of 
the transport rate to firms under agreement 
with the S. N. C. F. who have signed a 
fidelity clause, if they consign several 
containers from different consignees to 
various consignees on the same wagon and 
under a single waybill. 


In addition, the S. N. C. F. allow an 
intermediate stop to complete the loading 
of the wagon at a station near the place 
of consignment or to take off one or several 
containers before the final destination. 

With such grouping each container is 
charged according to the rate for the goods 
it holds under the full load rate; so that if 
the total tonnage is high, each container 
will benefit by a corresponding reduction 
in the transport rate. 
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This results in a reduction in the cost 
of transport per ton, and the C. N. C. passes 
on the saving to the different firms. This 
saving leads them to increase the proportion 
of their traffic sent in containers, road 
transport generally being the loser. 

To sum up, the tendency to use containers 
for transport in full loads is very definite. 

The high tonnage, giving a low cost and 
qualifying for the lowest rates, is obtained 
not by increasing the size of the container, 
but by increasing the number of containers 
loaded on the same flat wagon. 


The grouping of containers has proved to 
be of the greatest interest, making it possible 
for the consignor of a small tonnage to 
profit by the rate for a full load when several 
consignments of containers can be grouped 
together on the same wagon for the whole 
journey or part thereof. 


Fig, 2. — Holland. 


To extend such grouping as much as 
possible, the S. N. C. F. are now profiting 
by the activities of an ancillary company 
the C. N. C. (New Container Company). 
This company operates in the large towns; 
it gets in touch with all consignors and 
induces them to co-ordinate their container 
consigning programmes over the main 
lines, so that several containers can be group- 
ed on each wagon in a single consignment. 


Transfer of a container from a wagon onto a DAF unloader. 


B. Wagon conveying trailers. 


Since the beginning of the century 
engineers have devoted much thought to 
making it possible to take complete wagons 
into premises not linked up with the 
railway by private sidings, but no suitable 
solution has yet been found. In 1931, 
Mr. BARTHELEMY in France designed a 
wagon carrying bogie which gave a good 
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distribution of the load on the ground; this 
was never taken past the experimental stage 
however. About the same time, 1933, in 
Germany, Mr. CULEMAYER designed a 
wagon conveying trailer which complied 
with road requirements and could be used 
with all kinds of axle wagons. Several 
hundreds of these were built in Germany 
in the last few years before the war. 


Wagon conveying trailers are now used in 
They have not 


Switzerland and France. 
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expensive to link up with the railway by 
means of private sidings. 


1. Complete details concerning particularly 
interesting examples. 


The two following examples were given 
bysthess.0Ny CoB 


1. Linking up Caudry Station and the 
depot of the « Coopérateurs » since May 
Iai 


Fig. 3. — France. Transfer of a wagon from a wagon conveying trailer onto a moveable track in private 
premises. 


been used by the other Administrations 
consulted; however in Belgium a private 
firm is interested in acquiring such vehicles 
and picking up wagons at the station, and 
the Danish Railways are studying the 
matter. 


The information given below sums up 
the replies received from the Swiss (C. F. F.) 
and French (S. N. C. F.) Railways. 

The use of wagon conveying trailers is 
of special interest in the case of firms of 
medium size whom it is impossible or too 


The distance between the station and 
the depot is 1.8 km. On the way there is a 
gradient of 3°, over 150 m, with a crossing 
with the main highway where there is poor 
visibility owing to the presence of a rather 
low railway bridge. No accidents have 
occurred since the transport started. 

The station installations are of the classic 
half moon type with a concrete platform 
to draw up at. 


At the Coopérateurs Depot there are 
several loading and unloading points. 
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Tracks have been provided at each of these 
points so that the wagons can be put into 
position facing the appropriate stores for 
the goods to be unloaded or loaded (wines, 
sroceries, .ctc.). (See fig. 3.) 


The whole installation has proved com- 
pletely satisfactory and very labour saving. 

The average number of runs between 
these premises and the station in both 
directions since the beginning has reached 
150 a month, varying between 245 (June 
1949) and 79 (May 1947). 

The average load per run per month has 
increased from 123 in 1947 to 155 in 1948 
and 181 in 1949. 


The total tonnage carried has exceeded 
28 000 tons. 


The vehicles used (1 tractor and | trailer) 
are still far from being used to full capacity; 
up to 400 runs a month could be made 
without working overtime. Owing to the 
importance of the fixed charges, the cost 
diminishes very rapidly as the trafic in- 
creases, which encourages the client to send 
the maximum possible by rail. 


2. Linking up the Rozena mineral water 
bottling plant at Rouzat to Pontmort 
Station. 


The 8 km long run is a very difficult one. 


On leaving Pontmort Station there is 
a steep down gradient for more than 500 m; 
the road is narrow and twisting and ends 
in a cross roads with poor visibility — the 
crossing being with a main highway with 
heavy traffic. Three villages with narrow 
twisting streets have to be run through 
before a climb of more than 500 m to reach 
the bottling plant. 


No accidents have occurred however 
since the service began in July 1947. 

At the station the smallness of the unload- 
ing yard made it necessary to build a half 
moon track which involved considerable 
modifications to the layout of the unloading 
tracks. 

At the Spa, 4 sections of track linked up 
by a traverser make it possible to accomodate 
9 wagons which can be freely shunted from 
the unloading to the loading points. 
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The wagon conveying trailer, in spite 
of the inconvenience caused by the long 
and difficult run, has made possible consi- 
derable economies in the labour required 
for handling the bottles. 


The tonnage transported has reached 
a total of 33 000 t. 


2. General information on the types of wagon 
conveying trailers used (dimensions, tare, useful 
load, load per cm of tyre, lock, time taken for 
terminal shunting, type of tractors, etc. ). 


In Switzerland the wagon conveying 
trailers used have the following character- 
istics : 


length of chassis 5 WOMsmn Gz anE) 


width 2.86 m (9/4 5/8’) 
height 0.56 m (1/10’’) 
minimum lock 8.00 m (26/3’’) 
tare 5 tae 

load . > HOE 


100 HP tractors are used, equipped with 
compressed air brakes. 


Two men take 5 to 10 minutes to load 
and secure a wagon on the trailer. 


In France trailers of the Culemayer type 
in two parts are now used; an improved type 
of trailer is being manufactured (S. C. E. 
T. A.-ARBEL). 


These trailers have the following charac- 
teristics : (See Table on the following page.) 


Sometimes 220 HP tractors are used 
whose size sometimes makes it difficult to 
manoeuvre them, but which are sufficiently 
powerful to pull particulary heavy loads 
over long and difficult runs, and sometimes 
100 to 150 HP tractors which are sufficiently 
powerful for most jobs and more practical 
than the former owing to their smaller size 
and greater manoeuvrability. 


3. Information concerning the limits of use 
of this method : distance from the station, 
profile and width of the roads, average daily 
number of wagons and traffic peaks, s‘ation 
arrangements. 


a) Distance. 


The C. F. F. consider that the radius of 
usefulness of the wagon conveying trailer 
should not be more than 4 km. 
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Ss (Cy IEA Tg ANG Ss NRUBIBIL, 
16 wheels 


Culemayer 2 part 
(16 wheels) 


length . open 13 m 60 8 m 800 

Dimensions closed 6m 60 

lesrdth : 6 m 75 3m 10 
Rail level Boete 0 m 57 0 m 40 
are yes ee Sor oan eae SiS 10 t 
geil eel 5 5s bo eo 5p ok 40 t 40 t 
Max. load per cm of tyre. 120 kg 125 kg 
Radius of lock . 7m 50 to 11m 8 m 50 


Kind of wagons that can be car- 
tied. 


Time taken for terminal shunting 


The C. F. F. only use it in exceptional 
cases for greater distances than this, in the 
case of special transport such as that of 
large transformers. 


The 8. N. C. F. consider that, taking into 
account the maximum speed of haulage 
(20 km, [12 miles] /h) the time taken for 
the terminal shunting, and the necessity to 
carry as high a number of wagons as possible 
to reduce the cost of the transport, the 
length of the run may be up to 10 km. 

b) Travelling. 

In France, such trailers can travel on 
nearly all the roads and the problems 
occasioned by running through certain 
towns and manceuvring at clients premises 
have nearly always been successfully solved 
after careful study. The trailer lock is such 
that it is possible for it to run into premises 
through a 5 m gate from an 8 m wide road. 

In Switzerland, the trailers run regularly 
on roads and streets only 6 m wide. 


c) Number of wagons carried. 


In Switzerland, the trailers carry an 
average of 4 to 5 wagons a day. A daily 
average of 10 wagons can be obtained at 
peak periods. 

In France, the S. N. C. F. consider that 
in an 8 hour working day the maximum 
traffic worked by a trailer can amount to : 


18 simple runs if the distance from station 
to premises is | km, 


All 4 wheeled wagons with 
a wheelbase less than 8 m. 


10 minutes 


All wagons whatever the num- 
ber of wheels, provided the outer 
wheelbase is under 8 m. 

6 minutes 


14 simple runs if the distance from station 
to premises is 3 km, 


10 simple runs if the distance from station 
to premises is 5 km. 


Additional traffic can be worked if the 
working day is increased. The S. N. C. F. 
mention the case of a gang which succeeded 
in making 39 single runs in a single day 
over a distance of 800 m, in spite of the 
shunting made necessary by temporary 
installations not very well adapted to such 
traffic. 


d) Installations at the station and at client’s 
premises. 


In France the usual station installation 
consists of tracks arranged in a half moon or 
with a ramp ending in a platform at the 
height of the rails on the trailer. The end 
of the ramp track is equipped with gear 
to shift the rails sideways so that they can 
be brought exactly in line with the trailer 
rails. In the case of temporary installations 
the ramp and platform are replaced by a 
moveable metal ramp. 

At the client’s premises, one or several 
mobile tracks for taking the wagons, which 
can be moved by hand power, are the 
cheapest and most practical solution if the 
amount of traffic is small. If the importance 
of the traffic justifies it, permanent instal- 
lations can be provided comparable with 
those of a railway siding. 
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4. Do the vehicles, trailer and tractor, belong 
to the Railway? Are they operated by the railway, 
the client merely paying so much per wagon? 

Or are they hired to the client for him to operate 
at his own expense? 


Do certain clients own their own vehicles, 
and are you in favour of making this the general 
practice? 


In Switzerland, the trailers and tractors 
belong to the railway, and are operated 
by it. A trial made of hiring them out did 
not prove satisfactory. 

The rates charged for a trailer are cal- 
culated as follows : 


1. Basic rate including use for 

one hour 30 Swiss fr. 
2. Supplement per half ee pepe Diley mee 
3. Rate per kilometre : 

up to 10 tons Syeh LAL 6 > > 

up to 15 tons Reet Re AT > > 

more than 15 tons 8 > > 
4. Rebate given if the consignee 

has a section of line on 

which to unload thewagon 5 » » 


In France nearly all the trailers belong to 
the S. C. E. T. A., an affiliated company of 
the S:oN2 CG. F: 


The trailers can be operated in 3 ways : 


1. They are rented out on contract to 
clients who operate them on their own 
behalf or on behalf of their customers 
(transport firms). 

In this case the responsibility for the 
transport belongs to the client and the 
S. C. E. T. A. merely maintains the material 
and replaces it in case of damage or when 
taken in for general repairs. 

The S. C. E. T. A. make a charge for this 


based on a fixed sum and a kilometric rate. 


Welheyeateroperatcas bystheyo. C. Ey. 
T. A. according to a contract, generally 
annual. 

The S. C. E. T. A. assumes full control 
and responsibility for the transport. The 
client pays a given sum per run made. 
The rate decreases with the number of 
runs. The client generally has to guarantee 
a minimum amount of traffic. 
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3. They are operated by the S. C. E. 
T.A. without any contract being made. In 
this case they are simple haulage services 
paid for in agreement with the client, 
according to the tonnage, the number, the 
wagon, or mileage worked. 


Certain clients own trailers. This solution 
seems to the S. N. C. F. to have certain 
drawbacks; the traffic of such clients rarely 
gives the optimum user of the trailers. In 
addition maintenance and replacement in 
case of damage may give rise to serious 
difficulties. The operation of the trailers 
by a specialist organisation therefore appears 
to be the most satisfactory solution in most 
cases. 


5. When does the transport of wagons become 
more economical than haulage services? 

Can you give figures for a certain number of 
concrete cases, comparing them with the cost of 
haulage and handling? 


In Switzerland as in France, it is consi- 
dered that the savings that can be obtained 
thanks to the use of wagon conveying 
trailers are above all a function of the 
difficulty of handling the goods transported. 
The S. N: CC) Fo state that im the case of 
goods which it is difficult to handle (bottles, 
refined sugar, building materials, etc.) or 
whose transhipment involves special gear 
(liquids in tanks, goods in bulk, etc.) such 
trailers are always economical if more than 
3 wagons a day are dealt with. 


On the other hand in the case of goods 
which are easily handled (goods in 50 or 
100 kg sacks) trailers only result in econo- 
mies when there are 4 or 5 wagons a day. 

Naturally the saving is greater when the 
trailers can carry out a balanced traffic 
with wagons arriving loaded and being 
immediately re-used for further consign- 
ments. 

In Switzerland it has been found that the 
cost of transport by means of trailers is 
usually 1/6 th less than the cost of haulage 
including handling at the station, and this 
difference is still greater in the case of 
20 t wagons. 

In’ France’ the S., C:, E. T. A. consider 
that in the most favourable cases, the saving 
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may be as much as 40 % of the cost of 
the usual haulage services. 


6. Can the station installations for putting 
wagons on the trailers be used by anyone? 


If so, is a charge made for its use? If on the 
contrary their use is reserved for certain clients, 
what arrangements are made in this connection? 


In Switzerland the station installations 
can be used by anyone free of charge. 


In France, this is not yet the case, and 
the station installations are used either by 
a single firm or by an agent serving several 
clients. The user making use of the trailer 
signs an agreement with the S. N. C. F. 


The S. N. C. F. consider that the devel- 
opment of this system will lead to the 
common user of the installations at certain 
large stations. 


7. Are the road traffic regulations any obstacle 
to the use of the wagon conveying trailers? 


In Switzerland and France the running 
of wagon conveying trailers requires a 
licence from the Public Autorities in each 
case. 


In France the speed of trailers is limited 
to 20 km/h by the highway Code. 


_ 8. In your opinion what are the possibilities 
for development of this system? 


Do you intend to develop it and can you give 
any figures? 


Have you had occasion to use it to keep or 
recover traffic menaced by road competition? 


Switzerland considers that the system 
could be further developed in several 
centres without prejudice to the extension 
of the use of NS type containers which have 
just been introduced by the C. F. F. 


In France, the S. N. C. F. and its affiliated 
company the S. C. E. T. A. are disposed 
to extend it as much as possible. 


‘The many requests received from indus- 
trial firms would seem to indicate the great 
possibilities for its further development. 


25 OK 
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To sum up, the wagon conveying trailer 
seems to be a perfect solution for linking 
up the railway and an important firm 
with no private siding. This solution is 
only economical however when the traffic 
exceeds a certain level, measured in average 
number of wagons per day, and rarely 
less than 10000 t per year. The more 
traffic there is the lower the cost of transport. 


Cc. — Rail-road trailers. 


Since road competition first started many 
experts have endeavoured to bring about 
real co-operation between rail and road. 
A certain large French firm had the idea 
of building a type of lorry which could 
make the maximum use of the railway 
gauge, with a low power engine, just 
sufficiently powerful to carry out terminal 
transport at low speed but such a vehicle 
would stand idle too long. It was necessary 
to recognise the fact that one of the chief 
difficulties of such mixed transport is to 
secure the lorry on the wagon whilst relieving 
the weight on the tyres as much as possible 
during the run. 


Inventors tackled this problem and 
solved it not with a lorry but with a type 
of semi-trailer which can be coupled up to 
any kind of tractor. Thus in France two 
types of trailers came out before the war, 
specially designed for transport by rail; 
the UFR and the SEREM-CODER. Trials 
carried out on a large scale gradually decided 
the S. N. C. F. in favour of the UFR which 
has now been perfected. 


Of all the Railway Administrations 
consulted, only the S. N. C. F. appear to 
use trailers of this kind. The information 
which follows deals solely with the services 
assured by the S. N. C. F. with, U.F.R. 
trailers (Union des Transports Ferroviaires 
Routiers). 


The actual name of these trailers shows 
their value : the trailer can be used at each 
end of the journey just like a lorry. Con- 
sequently it can be used by firms whose 
activities are specially directed to road 
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transport. Owing to its special design 
the U.F.R. trailer can easily be loaded onto 
a wagon. And if the railway rates are 
suitable, it becomes cheaper to transport 
the trailer by rail than by lorry. And thus 
the two methods of transport can achieve 
co-operation. 


It appears interesting to define today the 
degree of development attained by this 
method of mixed transport. 


1. Characteristics of the trailers used. — Tare, 
useful load, dimensions, speed, road restrictions. 


The ‘trailers now in use on the S. N. C. F. 
were built by the Société pour |’Union des 
Transports Ferroviaires et Routiers (U.F.R.) 
the earliest types of which date back to 
noe: 


The U.F.R. trailer when running on the 
road looks like an ordinary semi-trailer 
which can be coupled up to any type of 
tractor provided this is fitted with an 
F. A. R. type of drawbar; this has a balance 
coupling hook which automatically drops. 
The carrying wheels of the semi-trailer 
however have supplementary flanged rims, 
and the auxiliary wheels which are retract- 
able and fitted on bearing springs, are also 
rimmed wheels. 


When it is to be loaded on a wagon, the 
trailer runs on the two longitudinal rails 
with which the wagons are fitted, owing 
to the arrangement of the rims on the two 
carrying wheels, and the two auxiliary 
wheels. It is then slightly raised, so that 
there is no longer any weight on the pneu- 
matic tyres. 

During the rail journey, the trailer is 
secured on the rails by means of special 


wedges designed to damp out to a great 
extent by gravity the longitudinal shocks. 


Two types of trailers are in use : the van 
type and the tank type, the characteristics 
of which are as follows : 


Van trailer (see fig. 4). 


(gigeianlik Weel 3 5 6 5 i “Seep m * LORE 


Maximum load 6.6 t 
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Tare a2 t 
Capacity 24 m3 
Overall size: 
Length 5.75 m 
Width 2.45 m 
Height 2.96 m 


A very low frame in welded sections. 


Trailing pair of wheels on twin 38 x 8 pneu- 
matic types. 


Direct controlled self-tightening brakes. 


Coachwork entirely metal, including two 
sliding side doors and rear door with two 
leaves and fan. 


12 volt electrical installation. 


Tank trailer. 


Capacity eres 5 1 00! 
Tare 5 Waugh 5 BRL Es ok OM a ee oa ef 
Overall size : 
Length 475m 
Width ; 2.35 m 
IBS 5 5 ge 2.40 m 


Direct controlled self-tightening brakes. 


Cylindrical tank of Martin steel with one or 
more tanks including: 


60 x 70 emptying valve with dip stick; 
emptying pipe with gate valve with sym- 
metrical 65 mm coupling; 


12 volt electrical installation. 


The average road speed of the trailer can 
be as much as 50 km (31 miles)/h. 


Characteristics of the special wagons on which 
the trailers are loaded and secured. 


The wagons used for the transport of the 
trailers are 12 m long, and can carry two 
trailers (1). The frame is mounted on 2 
pairs of wheels; the wheelbase is 8 m. 


The floor is fitted with 2 longitudinal 
rails which guide the rims of the carrying 
wheels and the auxiliary wheels of the 
trailers, 


(1) There are also a certain number of wagons 
designed to take a single trailer. 
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The end of each of these guiding rails is 
fitted with an articulated rail element 
which, after being extended and _ locked, 
gives a continuous track between two 
consecutive wagons or between the wagons 
and the fixed end loading dock. 

To let the tractors used to shunt the 
trailers over the buffers each end of the 
wagon is fitted with two metal supports 
which bear on brackets fixed to the end 
sleepers. 


Fig. 4. — France: 


On each side of the wagon is a device for 
holding the special wedges preventing the 
trailers from moving. 

‘Thanks to the longitudinal rails and the 
extensions with which the wagons are fitted, 
it is possible to load and unload trailers 
very quickly with complete safety with 
the minimum labour and without having 
to shunt the wagons during these operations 
(Gee ims, BY). 

The wagons whose tare is 10.7 t are fitted 
with complete air brake equipment. 


2. Who owns the trailers and special wagons? 


The trailers all belong to private firms 
(haulage contractors for the most part) 
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who have made an agreement with the 
S. N. C. F. not to use these vehicles on 
the road except to complete the railway 
journey, as agreed with the S. N. C. F. 
These firms carry out all the negociations 


with the commercial or industrial firms to ~ 


obtain the loads; they deal with the handling 
of the trailers and the terminal haulage for 
which they have to have the necessary 
tractors. 

To coordinate the movements 


of the 


Van type rail-road trailer. 


trailers and obtain better utilisation of the 
stock, Trailer Transport Firms who do not 
take part in any commercial undertakings 
which might embarrass the owners of the 
vehicles, have been set up in the large 
towns, such as Paris, Lyons and Marseilles. 


The wagons equipped to carry the trailers 
and the other necessary tackles belong to 
then, iN Gr he 


As the mixed transport developed, it 
became apparant that close liaison was 
necessary between the S. N. C. F. and the 
haulage contractors. A technical organisa- 


tion known as the « Technical group of 


mixed rail-road transporters » (G. T. T. M.) 
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only open to firms owning such trailers, was 
set up, the chief function of which is to 
regulate questions dealing with the handling 
of the trailers at the stations with the S.NC.F. 


The function of this organisation is in 
particular : 


— to organise rail-road depots in the 
large stations which deal with trailers 
belonging to different haulage con- 
tractors ; 


Fig. 5. — France. 


— to assure at these depots that the 
trailers are placed on the dock on 
arrival and loaded into the wagons 
for despatch, so that the tractors 
belonging to the firms lose no time 
and the optimum use of the wagons 
is obtained; 


— to assure the current maintenance of 


the wedges and inter-connecting gear 
of the wagons. 
This organisation is paid for partly by 
the haulage contractors and partly by a 
subsidy from the S. N. C. F. 


We 
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3. Rates applied to these trailers and transit 
lames. Special rates. 


_ The trailers are transported at accelerated 
timings, with the transit times appropriate 
thereto. 


The transport of the trailers is assured 
by the railway at a special rate, subject 
to the proviso that the trailer has first of all 
been passed by the S. N. C. F. and that 
the owner of the vehicle has made an 


Van trailer being loaded. 


agreement with them as regards the terminal 
road journeys completing the railway 
journey. 

This rate provides two methods of charg- 
ing loaded trailers : 


— a fixed rate resulting from two factors 
calculated by ready reckoner : one 
a tonnage charge based on the weight 
of the goods loaded on the trailer plus 
a surtax per trailer; this method of 
payment, which is the most usual, 
must be specially asked for by the 
consignor ; 
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— charged according to the nature of the 
goods loaded, on the net weight of 
these goods. 

Empty trailers are transported at a special 

rate based on the tare. 


4. Present degree of development. — Number 
of trailers and wagons in service. — Approximate 
capital value. — Tonnage transported. — Kind 
of goods for which this method of transport 
appears most suited. 
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On the 3lst July 1949, the total stock of 
trailers amounted to 633 vehicles and the 
stock of wagons for transporting these 
trailers numbered 375. 


The traffic carried by rail-road trailers 
amounted to 91100 t in 1948, the total 
receipts (transport loaded and empty) 
being 192 million francs. 

Since the new rates for the transport of 


these trailers came into force (lst May 
1949) and owing to the fact that a certain 


Fig. 6. — France. 


Held up by the war, the development of 
rail-road trailers has been very marked in 
the last few years, and the number of 
mixed transport firms, which was only 13 in 
1947, now is 27; in addition two private 
firms (« Les Chaussures André» and the 
« Société La Bakélite ») have equipped 
themselves with registered rail-road trailers 
to carry out their own transport. 


Depot for loading and unloading rail-road trailers. 


number of new trailers have been put into 
service, the traffic has increased very 
appreciably; thus the tonnage carried during 
June and July 1949 amounted to 25670 t 
compared with 14 400 for the corresponding 
months of 1948. 

The traffic worked by rail-road trailers 
is very varied and consists above all of 
fragile goods requiring careful packing, for 
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which as little handling as possible is 
desirable : window glass, glassware, elec- 
trical equipment, footwear, papers and 
cartons, wines, industrial liquids, milk 
products, etc. 


The use of road-rail trailers, which are 
particularly suitable for the door to door 
transport of goods sent in sufficiently large 
consignments to form, if not a full load for 
a trailer, at least an important fraction 
thereof, gives extremely interesting results. 


It has been noted that for goods such as 
window glass and eggs, the transport of 
which is rarely carried out in ordinary 
wagons without breakages occurring, abso- 
lutely safety is assured when rail-road 
trailers are used. 


5. Station installations for loading and unload- 
ing the trailers. 

By whom are these operations carried out and 
at what price? 


To be able to load and unload the trailers 
in the stations it is necessary to have an 
end loading dock 12 m wide and 20 m 
long (see fig. 6). 

The platforms are equipped with special 
loading gear to assure the automatic center- 
ing of the trailer on the centre line of the 
wagon and to enable the auxiliary rimmed 
wheels of the trailers to run onto the 
wagon rails. 


This gear, put in front of the wagons to 
be loaded, consists essentially of entrance 
guides between which are arranged mobile 
plates so that if a mistake is made in direc- 
tion, pulling back the trailer causes it to 
move sideways which centres it automa- 
tically along the centre line of the wagon. 


To make sure the rims and auxiliary 
wheels of the trailer will run onto the rails 
of the carrying wagon, ramps are placed 
on the loading gear on the extension of 
these rails. 

Thanks to these arrangements, the loading 
of a trailer takes about one minute, using 
the tractor driver alone. Unloading is even 
quicker. 

According to the importance of the traffic, 
the end platforms are served either by a 
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line or a group of sidings in a straight line 
sufficiently long to take a whole rake of 
wagons and assure their intercommunica- 
tion; in practice the length of the lines 
should not exceed a maximum of 100 m. 


On the other hand in view of the fact 
that on arrival the trailers can only be 
unloaded if their drawbar is facing the 
platform, the large stations are equipped 
with double direction installations, so that 
the wagons can be loaded according to 
the orientation of their destination station, 
so that on arrival no shunting will be 
required to get them the right way round. 


Loading and unloading the trailers is 
carried out by the consignors and consi- 
enees, the necessary gear being put at their 
disposal by the S. N. C. F. free of charge. 


6. Radius of action of the trailers. 


To obtain the lowest possible cost, the 
economics of rail-road transport require 
the vehicles to be used to the maximum. 


To do so, itis necessary that : 


— the road journeys made by the trailer 
to deliver and collect goods should 
not exceed a certain mileage; 


— the load on the trailer should only 
concern a small number of consignees 
or consignors, so that the time the 
trailer is standing idle while goods 
are being delivered or collected is 
as short as possible. 

The maximum radius of action on the 
road appears to be 35 km. In exceptional 
cases the firms use such trailers on collection 
runs to pick up certain goods, for example 
eges or meat. 


7. Probable development of this method of 
mixed transport as a weapon against public long 
distance road transport. 


The rail-road trailer is a fortunate 
combination of the best advantages offered 
by the railway and by the road. 

In addition, it enables road transport 
contractors to retain their commercial 
autonomy and continue their activities by 
giving their clients the same facilities whilst 
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saving themselves the risks and drawbacks 
of long distance road transport by benefiting 
by the regularity and safety of long distance 
railway transport. 


It meets in effect the principles most 
generally admitted as regards the co-ordi- 
nation of the two methods of transport 
which consists in giving the railway the long 
distance traffic and the road the additional 
runs required to reach the premises of the 
consignee and consignor. 


In the same way it is, rather than a 
weapon to fight public long distance road 
transport, a practical method of co-ordina- 
tion of road and railway transport, by 
linking the interests of the railway very 
closely with those of the road. 


The trailers now in service were designed 
to meet this idea; thus, referring to the 
clauses of the co-ordination decree of the 
12th November 1938, the S. N. C. F. has 
agreed to participate in the cost of buying 
such vehicles, setting aside part of the re- 
ceipts from the traffic which their use has 
restored to the railway for the amortisation 
of this cost. 


D. — Other methods of liaison with 
the station. 


Apart from the methods which have 
been described to bring the goods from the 
client’s premises to the station or vice-versa, 
on most railways there are installations 
giving direct connection between the pre- 
mises of private firms and the railways, 
making it possible to load and unload the 
wagons at the station and convey the goods 
mechanically to the premises of the consignee 
or consignor. 

Such installations are of interest when 
it is not possible to link up the premises 
with the station by means of a private 
siding, for geographical or financial reasons; 
and they may be more economical than 
the use of one of the methods mentioned 
above. 


Amonst the most currently used of such 
methods, we may mention 

1. pipe-lines, the use of which is very 
widespread (386 on the S. N. C. F.) for the 
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transport of liquids (wine, ciders, milk, 
hydrocarbons, alcohol, etc.) ; 


2. pneumatic transporters for grains and 
other powder or goods of small dimensions; 


3. belt conveyors, and various kinds of 
conveyors for goods in bulk (tiles, bricks, 
bottles, etc.) or packed goods (sacks, cases, 
baskets, etc.); 


4. single rails or overhead lines for goods 
in bulk or packed goods; 


DS. narrow gauge lines. 


The railways find it of interest to facilitate 
the construction of such private installations 
which reduce terminal charges and bind 
the users who have often invested consi- 
derable capital therein to the railway. 


kK 


THIRD PARA: 


In the case of competition between railway 
and road, there is a very marked tendency 
to put the question of price in the first 
place. Yet all the Administrations can see 
that they are losing certain kinds of traffic 
although the road rates are definitely higher 
than those of the railway, because the user 
is prepared to pay a little more to obtain 
certain conveniences to which he attaches 
great importance; we are not thinking of 
the convenience of door to door transport 
which has already been examined; what 
we have in mind is the rapidity of transport 
and its consequences as regards the im- 
portance of the costs for the commerce for 
goods of high value, the part of collector 
and sometimes even of treasurer which 
the road haulier sometimes plays, the exact 
adaptation of the timetable of the road 
services to meet the needs of certain acti- 
vities, etc. Transport by lorries, which 
encourages frequent small supplies, leads 
to a reduction in the stocks required; the 
resulting economies can be very great. 

This adaptation to the special require- 
ments of its clients often plays an important 
part in the preference given to road trans- 
port, a part which is all the more valuable 
to the haulier as his attempts to make his 
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services more flexible are largely paid for 
by his clients. 


Since this field of investigation is a very 
vast one and one that could only be covered 
by a great many special enquiries, we have 
had to limit our questionnaire to certain 
essential points. 


We will examine the part played by 
speed and transit times, then that of special 
materials. And we will conclude by a 
rapid examination of the facilities offered 
at stations. 


A. Measures 


concerning transport conditions. 


1. The part played by speed. 


During the last few years what modifications 
have you made in the classical division of transport 
into express and slow goods, applicable to all 
goods at the consignor’s choice? 


Do you systematically send by express goods 
without increasing the rates certain goods for 
which speed is a physical necessity (for example : 
cattle, early vegetables and fruit, etc. )? 

Define your policy to speed up the transport 
of full loads, in view of the need to meet road 
competition. 

Give examples of progress achieved during 
the last few years. 


All the Railway Administrations consulted 
are preoccupied with the necessity for 
speeding up railway transport in order to 
retain traffic. All of them have taken steps 
to do so. The methods employed are more 
or less the same in every case and can now 
be classified : running through trains to a 
very close timetable, at night; improving 
the running of the trains by reducing all 
unnecessary standing; reduction of stops 
by a careful study of the timetables, making 
connections possible, and facilitating these 
by carefully classifying the wagons whose 
journey is to be speeded up; choosing the 
fastest routes even if they are not the 
shortest, etc. 

To these general measures are added 
others to meet seasonal traffic, such as 
fruit, vegetables, out of season goods, etc. 


BULLETIN OF TH= INT. RAILWAY CONGRESS ASSOCIATION 


349/25 


But with the exception of the S. N. C. F. 
all the Administrations consulted have 
retained the classical organisation with 
two speeds of transport which the consignor 
can choose for any kind of goods. 


However, most of the Railways have been 
obliged owing to competition to take measu- 
res to speed up certain traffic systematically, 
especially in the case of cattle and perish- 
able goods. In Belgium for example on 
the S. N. C. B. cattle and horses are always 
sent express. In Switzerland and Norway 
they also are sent by fast trains and even 
by passenger train without extra charge. 


Perishable goods are sent express or 
by special fast trains at the slow goods 
rates in Belgium, Luxemburg, Denmark 
and Syria. 


In Switzerland, the slow goods in most 
cases travel faster today than express goods 
did in former days. 


This all proves how necessary it is to 
send many kinds of goods by the fastest 
possible means at the railway’s disposal, 
whilst keeping the rates at the level needed 
to compete against the road, which is often 
approximately the slow goods rates for 
these kinds of goods. 


These considerations led the S. N. C. F. 
in 1946 to modify the conditions under which 
express or slow goods be selected within 
the country. 


Since that date, goods are transported 
according to their nature, either « en régime 
ordinaire » (RO) (ordinary service) when 
the transit times are comparable with those 
of the former slow goods, or «en régime 
accéléré » (RA) (fast service) comparable 
with the old express goods. ‘The consignor 
can however demand RA for RO goods if 
he pays a higher rate. On the other hand 
RA goods are never sent RO. 


Wagons loaded with RA goods are sent 
by fast parcels trains, which connect up 
with each other, run no matter how many 
wagons there are, and are doubled if the 
traffic makes it necessary. 

The RO wagons travel by slower goods 
trains; regular trains link up the marshalling 
yards, their number and timetables being 


350/26 


so arranged that at the time of departure 
there will be a sufficient number of wagons 
to run at full capacity, any wagons left over 
being sent by the following train or a 
special run in the interval. 

Goods for which fast transport is a 
necessity (cattle, out of season goods, etc.) 
are always sent by the fast service. 

Goods for which speed is of prime interest 
(parcels, grouped goods, furniture, textiles, 
rail-road trailers, road vehicles, etc.) since 
1946 have been sent by the fast service. 
But, as road competition has become more 
and more serious since that date, the S. N. 
C. F. have been obliged to extend the RA 
services without increasing the rates to 
certain goods which formerly came under 


RO. 


These modifications can either be ex- 
tended to cover all the services or only on 


BULLETIN OF THe INT. RAILWAY ConcGRrEsS ASSOCIATION 


APRIL 1950 


given services where competition is parti- 
cularly serious. In this way the importance 
of the RA transport increases progressively 
to the limit of the installations required for 
such traffic and considerations of cost. 

The S. N. C. F. state that the organisa- 
tion of RA transport has contributed to a 
considerable improvement in the turnround 
of the stock, to simplified organisation in 
the stations by amalgamating the express 
and slow goods offices and depots. 

The Indo Chinese Railways have also 
organised fast and ordinary goods services, 
but only parcels weighing less than 4 t, 
perishable goods and livestock are sent 
RA automatically. The consignors can 
make their choice in the case of other 
goods. 

The S. N. C.F. gives the following 
examples of the progress made in reducing 
the transit times : 


SS eS SL SE RI SESS SSS SS SSS ST 


Services 


Transit time 


Distance RA Mae Difference 
‘ Express 1949 
in km 1939 
hours | hours hours 


| 


Tours-Strasbourg 
Bordeaux-Strasbourg. 
Bordeaux-Lyon . 
Rouen-Strasbourg . 
Calais-Nancy . : 
Perpignan-Versailles . 
Avignon-Bennes. 
Avignon-Brest. 
Ayvignon-Lille . 


680 34.30 23.30 — 11.00 
991 44.30 24.55 = 19.35 
600 30.30 20.05 == OAS 
621 MWD |) 2350 == Peil® 
487 36.30 24.07 aes 
898 Somld 20.18 — 29 
O19. 28.15 26.53 == Lae 
1 168 40.30 34.45 = 345 
938 25.00 24.14 == Oe 


2. Actual transit times. 


a) Have the theoretical transit times been 
reduced recently owing to competition? 


b) Give the regulations determining the transit 
time in the case of express goods traffic. 


In Belgium and Switzerland, the theore- 
tical transit times have recently been redu- 
ced. The French National Railways have 
not made any alteration in the theoretical 
transit times since the new regime came 


into force on the Ist January 1946, but on 
the Ist July 1948 they gave up the additional 
transit times which they claimed owing 
to the war damage to their installations and 
rolling stock. There have not been any 
recent modificauons in the transit times of 
the other Administrations consulted. 

In the case of the express goods services, 
certain railways (Algeria, Tunisia, Morocco) 
calculated their transit times on the pas- 
senger timetables which normally carry 
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the express goods, taking it that each consign- 
ment should go by the first possible pas- 
senger train on condition it was handed 
in a certain number of hours beforehand. 


In Belgium, Holland and Luxemburg, 
the theoretical transit times for the express 
goods services are fixed : 


— 2 days in Belgium and Luxemburg; 


— 24 hours in Italy (temporarily dou- 
bled). 


On other railways, general transit times 
are usually calculated per distance of 
300 km (one day in Switzerland and on the 
S. N. C. F. — 12 hours in Denmark) : and 
increased in case of home delivery (France) 
or for crossing by ferry boat (Denmark). 


c) In certain cases have you a system guarantee- 
ing shorter transit times than the usual ones? 
Give all useful particulars, appending the docu- 
ments by which the public are advised thereof. 


Only thesis. N. Cy FY state that they 
allow shorter transit times than the usual 
ones for certain specified goods forwarded 
on stated relations by stated trains. Such 
facility has been extended thanks to the 
regular organisation of faster trains. The 
list of the specified relations, goods and 
trains is brought to the notice of the public 
at each change of timetables. 


None of the other railways consulted 
guarantees shorter transit times than the 
usual ones. 


However, certain Railways arrange trans- 
port plans, available for various categories 
of goods or all of them, to assure the trans- 
port of goods on certain specified services 
in shorter transit times than the usual] ones. 


These transport plans are made known to 
the public on certain Railways (Switzerland) 
but the latter do not abandon the theoretical 
transit times. 


d) What new improvements have you under 
consideration in this field? 

Netherlands believes to abandon addi- 
tional transit times as soon as possible. 


Luxemburg thinks to reduce to one day 
the theoretical transit time for G. V. 
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(fast goods service) in the very near future. 
The Ss Ne @) Fe has) the imtention™ to 


develop as much as possible the services 
with special transit times. 


e) Are you able to give your clients warning 
of the arrival of wagons? Indicate the principles 
upon which your organisation is based in this 
connection. 

Do you consider this preliminary warning an 
advantage to the consignee which he will bear 
in mind if there is competition from the road? 


The advice note enables the consignees 
to organise their works beforehand and 
to arrange the unloading of the goods 
within the allowed time to avoid the 
payment of extra charges. 

It was mainly used during the war 
to speed up the unloading of wagons and 
get a better turn round of same. 


At the present time, certain Railways no 
longer, make use of it or only in certain 
cases. Switzerland no longer advises the 
arrival of goods since the size of the railway 
makes it possible for goods to arrive within 
24 hours. In Belgium, the advice note is 
only used on certain lines which are served 
late in the morning. The S. N. C. F. do 
not send out advice notes in the case of RA 
wagons as their routing is known in ad- 
vance so that the consignees know when 
to expect their arrival. 


Advice notes are sent in Morocco and 
France for RO wagons. In France advice 
notes are sent by the marshalling yard pre- 
ceeding the destination station, either by 
telephone or by special message, so that 
it reaches this station in time to advise the 
consignee. : 

Most Railways consider that the users do 
not take this advantage into account in 
choosing the method of transport to be 
used. 

3. Development of special wagons. 


The advantages of special wagons are 
well known and appreciated so that there 
is no point in dwelling on them; their 
development took place in the past quite 
apart from any question of competition. It 
appears however that this is a further 
reason why the stock of special wagons 
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should be extended, all the Railways 
consulted being agreed that these wagons 
are of the greatest value to the railway 
when privately owned since the capital 
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invested in them constitutes a close bond 
between the railway and the client. 

From the replies received, the import- 
ance of the stock of privately owned special 
wagons is as follows : 


Categories 


Luxemburg 


Isothermic, refrigerator, 


insulated 1 104 305 
Large size dump wagon, 
hoppers, skip wagons, 
covered wagons . 6 754 583 83 
Tank and yat. . PE YS) || 3) SPR 337/ 
Various 1 550 40 18 
Total. . 36987 | 4456] 138 


All the railways appear to be in favour 
of this development, which they encourage 
by various means. 

In Luxemburg free transport is provided 
for empty wagons. In Belgium the advan- 
tages are given in the form of a rebate per 
wagon/kilometre and a lower grading for 
certain goods. In France the rating of 
privately owned wagons was completely 
revised in 1948. According to this rating, 
the S. N. C. F. pays the owner of the 
wagon a given sum for each journey made 
loaded, and the owner pays the S. N. C. F. 
for journeys empty. But, whereas the 
empty rate formerly exceeded the given 
sum, the contrary now holds good. The 
rates and given sums have been so fixed 
that the capital the owner has invested in 
the wagons brings in a proper revenue, the 
higher the closer the ratio between the 
load and the tare. 


However, whilst considering it preferable 


Norway 
Algeria 
Tunisia 
Morocco 


= 

us} 
£ | 2 
© = 
BS Oo 
= = 
rn 


222 270 17 
30 194 
45 1 471 901 280 4] 53 
665 + DC 
p. wine 
189 Dl 
1S) 2 547 | 1 386 4] 170 


to leave it to private enterprise to build 
special wagons at its own expense, several 
Railways have found it necessary to build 
some themselves, and Operate them either 
themselves or through an ancillary company. 
The motives for this are stated to be as 
follows : 
— to meet the needs of clients whose 
financial situation makes it impossible 
(too small a volume of traffic) to build 
a stock of wagons for their own use, 
or who do not wish to do so in order to 
retain complete liberty (Belgium) ; 
— to make good temporary shortages in 
the stock of certain firms (Tunisia) 


— to be able to meet requests to carry 


out organised bulk transport (Morocco, 
Tunisia) ; 


2) 


— to be able to transport perishable 
goods under good conditions in their own 
wagons (Denmark, Norway) 


3 
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— to put prototypes in service in order 
to encourage the firms to which they are 
rented to get similar ones (France). 


The French National Railways leaves 
the operation of its refrigerator and large 
capacity wagons in the hands of affiliated 
companies who get a better use out of these 
wagons than any private firm could, and 
better than the railway could as it would 
have less freedom in the matter than the 
affliated company. It is the same in Moroc- 
co where the isothermic wagons are operated 
by a Company specialising in this kind of 
transport which assists the railway in 
obtaining a traffic for which it is commer- 
cially organised. 


4. Other measures. 

Amongst the other measures connected 
with transport conditions, taken to fight 
competition, mention must be made of : 


a) the facility given to consignors to 
load goods for several consignees living in 
places served from the same station in a 
single wagon (Switzerland and Denmark) 
or living in two different localities on the 
same route (Denmark) when the rates for 
full wagon loads apply; 


b) organisation of a service to collect 
empties at the premises of several clients, 
which are then grouped together and sent 
in a single consignment to the same con- 
signee, under whose orders they have been 
collected (Switzerland) ; 


c) supplying wagons without a prelimi- 
nary request (Switzerland) ; 


d) the acceptation of consignments out- 
side official hours (Switzerland). 


B. Station facilities. 


Whatever the efforts made to organise 
door to door services and to extend to an 
ever increasing extent transport in full 
wagon loads, the stations as a general rule 
will still have to deal with the consigning 
and delivery of these transports, and conse- 
quently everything possible must be done 
to facilitate the client’s work. In this 
connection, the renting of sites in the station 
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precincts is a much appreciated conve- 
nience, which completes very usefully the 
mechanical handling gear provided for 
client’s use. 


1. Sites rented at stations. 


Is this done one a large scale? 


Have you become the owner of industrial 
sites alongside the stations to enable such sites 
to be rented to railway clients? 


All the railways systematically rent any 
available sites within their property to their 
clients; none seem to have purchased land 
adjoining stations to enable them to extend 
the practice. 


Certain Railways lay down that sites 
rented in this way must be used to store 
goods received or dispatched by rail. ‘The 
French National Railways stipulates a 
minimum annual traffic. Denmark autho- 
rises it under condition that the firm renting 
the site sends all or part of its traffic by rail. 


Are you in favour of permanent buildings 
being erected on such sites? 

Do you grant long term leases? 

The Railways allow buildings to be 
erected on the rented sites, except those 
of North Africa; they are not particularly 
in favour of permanent buildings; the 
leases generally include a cancelation clause 
in the case of long term leases. ‘The period 
of the lease varies very widely : 

Belgium : 15 days to 9 years; 

Luxemburg : a few months or 3 to 6 years; 

Switzerland : generally less than 15 years; 

Hollande : as long as possible; 

France (S. N. C.F.) 


Algeria : 20 to 25 years. 


: as long as possible; 


The French National Railways authorise 
the erection of permanent buildings in 
certain special cases (silos for example). 
In such cases the cancelation clause is 
retained but if needs be guaranteeing 
compensation on a diminishing scale from 
year to year. 


Do your rental charges depend upon the traffic? 
Are they closely linked with the actual value of 
the site? 
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In Belgium, Luxemburg, Switzerland 
and Norway the rents are based on the 
actual value of the sites. Belgium and 
Switzerland also take into account if 
needs be the traffic of the lease-holders. 

In France (S. N. CG. F-), in Holland, 
Algeria and Morocco, the amount of the 
rent varies according to the importance 
of the stations which are classified in several 
groups. The S. N. C. F. bases the rent above 
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to modernise their handling gear in the 
stations. There appears to be a general 
tendency to replace or double the fixed 
cranes and gantries which are the most 
general station equipment by mobile cranes 
on rubber tyres or caterpillar track which 
are completely self-contained and can work 
with automatic appliances. 

Without pretending to give a complete 


Fig. 7. — France. 


all on the traffic of the lease holder, and 
remits up to 9/10th according to the amount 
of traffic. 


2. Handling gear available for use by the public. 


The cost involved in handling operations 
at the stations has impelled all the Railways 


Mobile crane used to handle a container. 


list of these new machines, it nevertheless 
appears of value to mention a few examples 
reported in their replies by the Railway 
Administrations. 

— Denmark has two cranes on caterpillar 
tracks with a lift of 1 800 kg used mainly 
to load timber and machinery. 
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The charges for using them are based on 
the ton or wagon. ‘They include driving 
them with one man. These cranes can be 
sent to different stations from their base 
station and no transport charge is made 
when they are used to load or unload a 
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demand to handle large consignments 
which have gone or are going by rail 


(fig. 7 and 8). 


— In Holland, the use of these mobile 
cranes has greatly facilitated the loading 
of sugar beet into the wagons and made it 


Fig. 8. — Mobile crane with dump bucket. 


sufficient number of wagons (6 or 7). 


— The Netherlands Railways and the 
French National Railways rent out mobile 
cranes with a maximum power of 5 tons. 


— In France, some such machines are 
in use experimentally to handle large con- 
signments and bulk produce with an 
automatic 500 litres (110 gallons) kibble. 
As they can travel at a good speed on the 
road, they can go to client’s premises on 


possible for the railway to retain a traffic 
often menaced by water competition owing 
to the greater ease with which vehicles can 
unload into a barge compared with a 
railway wagon. 


Before these cranes were put into service 
the beet wagons were loaded by hand and 
it took nearly 1 1/2 hours to load a 20 t 
wagon. 


Now the same wagon is loaded in 20 
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to 30 minutes by a crane using nets holding 
1 1/2 to 2 1/2 t of beet which are spread out 
on the vehicles before they are loaded 
(diene) 

Each crane can handle about 500 t of 
beet a day. 
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that the object of providing such machines 
is not to obtain a direct profit on their 
work but to retain existing traffic for the 
railway, or attract new traffic. 

Amongst the machines put at the disposal 


of the public we may also mention the - 


Fig. 9. — Holland. 


The cranes are hired with their drivers 
for the whole period of the beet harvest to 
the co-operative sugar factories at the 
stations where the beet will be loaded. 
The nets are lent by the factory to the 
growers. 

There are no fixed charges for renting 
these cranes. The Netherlands Railways 
like the French National Railways consider 


Loading a wagon with sugar beet. 


mobile loading ramps used in Holland to 
load sand or marl into open wagons from 
the dumper lorries in which it is brought 
to the station. (Fig. 10). The charge for 
using these ramps is so much per wagon; 
they enable a very appreciable saving in 
the cost of loading to be made. 

The S. N. C. F. to facilitate the work of 
their clients agrees to put at their disposal 
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for occasional work on payment of a small 
charge mobile handling or shunting ma- 
chines such as tractors, or elevateors, which 
they use for the handling they have to 
carry out. 


RESUME AND CONCLUSIONS. 


It must be recognised that the information 
received from the Administrations to which 
our questionnaire was sent gave no definite 
and well-grounded answers to the main 
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Consequently, we are led in some cases 
to ask further questions rather than draw 
up summaries. The summaries are too 
often the expression of the personal opinion 
of the reporter rather than a summary of 
the opinions expressed by the Railway 
Administrations. 


Having made these reservations, we give 
below a resume of each part of the report, 
together with the questions and summaries 
which seem to us to derive therefrom. 


Fig. 10. — Holland. Mobile ramp to unload dumpers into open wagons. 


point of interest of Question VIII; « would 
not the extension of road transport at the 
end of the railway journey to full loads be 
justified in order to get direct contact with 
clients who are not connected up by rail- 
way sidings? ». 


FIRST PART. 


The organisation of road transport at 
the end of the railway journey by the Rail- 
way Administrations gives the client the 
advantages proper to railway transport 
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(immediate execution, responsibility, official 
rates); it enables these Administrations to 
keep in direct contact with their clients 
and thus be better imformed concerning 
their requirements and any danger of 
competition. But the flexibility of the ser- 
vices offered by road haulage firms and 
the considerable amount of transport under- 
taken by clients themselves in their own 
lorries militates against extending the 
railway’s activities to the road transport 
of full wagon loads at the end of the railway 
journey. 

In fact only the Swiss and Tunisian 
Railways have created such services over 
the whole of their territory. 

These terminal road services can be 
organised either at all the stations or only 
in centre stations. No Administration has 
reported having made a thorough compara- 
tive study of the two types of organisation 
with the supporting figures. No opinion 
founded upon an economical investigation 
can therefore be expressed; it would appear 
desirable to fill in this gap. 

The Swiss organisation, created in 1927, 
continued to expand until 1947, but now 
appears to be falling off slightly owing to 
the extension of private transport. 

In Switzerland as in Tunisia, terminal 
transports are worked by hauliers under 
contract to the railway, who deal with all 
the handling at the station and at client’s 
premises, In Switzerland, the charges for 
collection and delivery are added to the 
transport rate. In Tunisia, they are included 
in the door to door rate. As a general rule, 
the rates cover the cost of the terminal 
transport, but in some cases they are 
subsidised to meet competition. 

No conditions concerning tonnage, nor 
guarantee of fidelity is required of clients. 
The main difficulties encountered lay in 
drawing up uniform rates, and making 
sure the hauliers respected these rates. 

The public is satisfied with the services 
given, and the Railway thanks to these 
terminal transports has been able to retain 
trafic menaced by competition, and in 
certain cases recover traffic which it had lost. 

To the above information based on that 
supplied by the Railway Administrations, 
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the Reporter wishes to add the following 
remarks 

Very serious consideration must be given 
to the fact that private transport (that 
carried out by the railway client himself 


in his own vehicles) is extending daily, - 


and appears likely to go on doing so. In 
passing we may ask ourselves whether this 
development of private transport to the 
detriment of public haulage services is not 
due to a certain failure to appreciate the 
actual cost and also to the fact that conve- 
nience is far and away the most important 
consideration. However it may be the fact 
remains that once a firm has its own 
lorries, it is very improbable that it will 
make use of the services offered by the 
railway to carry out its terminal transports; 
it will nearly always prefer to do them 
itself, except perhaps at peak traffic periods; 
but it then becomes a very costly business 
for the railway. In addition, it appears 
probable that if the railway adopted a type 
of organisation based on operation from 
central stations, closing the small inter- 
mediate stations, the clients served by these 
small stations who have their own lorries 
would rarely find the saving due to the 
shorter railway journey made up for the 
additional haulage costs due to the longer 
road journey. The mere fact of having to 
carry out road transport over different 
distances than the usual ones might lead 
such clients to make greater use of public 
long distance road services and perhaps to 
take steps to carry out their own transport 
from one end to the other. 

Account must also be taken of the fact 
that the public haulage firms are generally 
very much against the railway extending 
its activities to terminal transport; they look 
upon it as a menace even if the railway does 
not set up any new undertaking and calls 
upon the existing hauliers to organise its 
services. The public hauliers, however, 
like the railway, are feeling the effects of 
the development of door to door road 
transport over medium and long distances, 
which is taking away much of their business. 
It would therefore be better to introduce 
a policy to make the public hauliers side 
with the railway instead of against it. 


| 
| 
| 
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For all these reasons I am led to conclude 
that the development of public and private 
lorry services in the last twenty years has 
left the railway very little chance of carrying 
out any large part of the terminal transport 
by any services it may organise. If this is 
true, the value of the measure becomes 
doubtful, and it would be better to follow 
some other policy and endeavour to link 
up the common interests of the public 
hauliers and the railway. ‘The development 
of private haulage, whilst not a direct 
menace to railway traffic, represents never- 
theless a possible loss of traffic. A revival 
of the activity and vitality of public haulage, 
acting as a brake on private transport 
thanks to its high quality and low rates 
would therefore be a very good thing for 
the railway, which would appear to have 
a greater interest in favouring the free acti- 
vity of public hauliers rather than take 
them under its wing and risk depriving 
them of part of their flexibility. 


This association of the railway and the 
hauliers is besides conceivable in both 
types of organisations : in all the stations, 
or only in the centre stations. However, 
in the case of road transport around centre 
stations, the terminal road transport should 
be done under the control of the Railway, 
or there is danger of losing traffic. 


The choice between the two types of 
organisation remains an important problem 
and it is hoped that further studies and 
particular trials be made in order to bring 
some more light on this problem, which 
is still unsolved. 


SECOND PART. 


Real door to door transport should avoid 
any transhipment of goods at the two ends 
of the railway journey. The interest of the 
methods listed below is due to the fact 
that they all make it possible to reduce the 
cost of handling and packing. 

A. Containers. — Nearly all the railways 
consider that it is possible and desirable to 
extend their use for the transport of full 
loads. The container is already largely 
used for such transport in Holland and in 
France, in particular for carrying fragile 
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goods, liquids, powders, and goods in bulk. 
In general containers holding more than 
5 t are not used, and if greater tonnages 
have to be transported, several containers 
are grouped together on a single wagon. 


France leaves it to the users to load 
containers and transport them from the 
station to their premises. In Holland, 
on the other hand, the railway takes over all 
these operations from the client. The use 
of handling gear in the stations is either 
free or charged for, according to the 
country. 


The value of privately owned containers 
is sometimes disputed by the Railways 
owing to the fact that they could be used 
on lorries or barges. Holland is not in 
favour of this development. On the other 
hand, Belgium, Switzerland and France 
think it desirable and favour it. 


B. Wagon conveying trailers. — ‘These are 
now used in Switzerland and France. ‘They 
have a useful load of 30 t in Switzerland 
and 40 t in France. They have to be 
licensed by the Public Authorities. he 
problems to which they give rise have gene- 
rally been solved satisfactorily. 


The C. F. F. consider that the maximum 
radius of action of wagon conveying trailers 
is 4 km while the S. N. C. F. puts it at 
10 km. 


In Switzerland wagon conveying trailers 
are operated by the railway. In France 
they belong to a affiliated company of the 
S. N. C. F. which hires them out or operates 
them itself. 


The savings which can be made thanks 
to the use of such vehicles depend above 
all on the difficulty of handling the goods 
transported. They also depend on the 
amount of traffic which must, in general, 
exceed 4 wagons a day. ‘The installations 
required at the station and at the client’s 
premises are not very costly. 


C. Rail-Road Trailers. — ‘These trailers, 
designed to link up road transport with 
the railway have been used on a fairly 
extensive scale in France. 

The UFR type trailers are the most usual 
(van type and tank type); their capacity 
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is 24 m3 and their useful load 6 t; two 
trailers fit on a wagon. 

The rail-road trailers belong to private 
firms. The special wagons used for their 
transport belong to the S. N. C. F. 

The firms owning the trailers are in 
contact with clients to obtain the freight; 
they deal with the road transport by means 
of their tractors. The loading of the trailers 
onto the wagons and their unloading 
involves special equipment at the station 
(end platform). These operations are 
carried out in the large centres by a specialist 
organisation. 


The trailers are used very effectively to 
carry fragile goods. It appears desirable 
not to exceed a radius of 35 km; and the 
load should only consist of a small number 
of consignments to shorten the standing 
time for loading. 


The rail-road trailer makes it possible 
for road transport firms to keep their com- 
mercial autonomy, and consequently is a 
practical method of co-ordination. 


D. Other means.— On most Railways there 
are installations linking up private premises to 
the station and making it possible to unload 
and load wagons at the station and convey 
the goods mechanically to the premises of 
the consignors or consignees. For example: 
pipe-lines, belt or pneumatic conveyors, 
runways, aerial lines, narrow gauge lines. 

The Railways have an interest in facilitat- 
ing the creation of such installations which 
reduce the terminal costs and bind the 
users, who have often invested considerable 
capital in them, to the railway. 


This review of the characteristics proper 
to each of these methods makes it possible 
to conclude that the object assigned by 
Question VIII « get direct contact with 
clients not connected up by railway sid- 
ings » is fully realised. 


The opinion of the Reporter is that these 
different methods should not be taken as 
competing against each other; in his eyes 
each one of them has its own field, and he 
thinks it better for their use to be developed 
parallelly. 


For goods carried in large quantities, 
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which can profit by the low 20 t rates, the 
Reporter thinks that the best solution is to 
take the wagon to the client; if a single 
client’s traffic does not reach the level 
above which the use of the wagon conveying 
trailer is economical, it is usually possible 
to get a sufficient tonnage by grouping 
together the traffic of several of the important 
clients of the station. 

The rail-road trailer appears to the 
Reporter to be a very suitable vehicle to 
take the place of the large 10 to 15 t lorry 
whenever the load on the lorry is not 
intended for a single client but includes 
several consignments of a few tons for several 
consignees; a very frequent case. By making 
it possible to exceed the 10 t useful load per 
wagon (sometimes 15 t), this system makes 
it possible to obtain the benefit of the high 
tonnage rates for small consignments group- 
ed on these trailers. The cost of the 
trailers however makes it essential to have 
a very fast turn round; for this reason the 
S. N. C. F. (the only user of the system to 
date) transports these trailers under the 
fast goods regime, which moreover is a 
further attraction for clients, when it is a 
question of recovering traffic from the road. 

The container, the use of which continues 
to be extended, is certain of further success 
owing to the simplicity of its structure 
which makes it possible to reduce the cost 
of construction, and in the diversity of the 
capacity offered. While it is difficult to 
load several consignments of goods onto a 
single trailer without packing and very 
careful loading, it is always possible to find 
a container for each consignment corres- 
ponding exactly to its tonnage. The 
essential problem is then to group these 
different individual consignments on the 
same wagon over the whole journey, or 
over as long a common section as possible. 
This grouping of containers improves the 
user of the wagons and results in tonnage 
conditions qualifying for lower rates. In 
the opinion of the Reporter a very great 
effort should be made to increase the number 
of containers loaded onto each wagon. 
This grouping of containers can be done 
either by the railway itself, or by a special 
Company created for this purpose. 


Nee 6 ee ee 
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The railway should endeavour to adapt 
itself to the special requirements of its 
clients; the question of price is not always the 
deciding factor. It should offer those 
facilities to which clients attach great 
importance, such as rapidity of transport, 
fixed transit times, adaptation of the 
timetable to requirements, etc. 


Rapidity of transport. 

All the Railways have taken steps to 
speed up the transport : running through 
trains at very close timings, reduction of 
time lost standing, improvement of con- 
nections at junctions, etc. 


All the railways consulted with the 
exception of the S. N. C. F. have kept the 
classical division of traffic into fast (G. V.) 
and slow (P. V.) goods at the consignors 
choice; but most of them have been obliged 
to speed up systematically certain transports, 
such as livestock and perishable goods. 


In 1946, the S. N. C. F. suppressed the 
classical division into fast (R. A.) and slow 
goods (R. O.) and put into force a fast 
regime and an ordinary regime according 
to the nature of the goods transported. 


Transit times. 

Certain railways (Switzerland, Belgium) 
have reduced these recently. 

The S. N. C. F. grants special reduced 
transit times compared with the ordinary 
transit times in the case of certain stated 
goods over stated routes by stated trains. 


Advising goods is not considered by most 
railways to be an effective means of fighting 
competition. 


Special wagons. 


All the railways are of the opinion that 
special wagons are very valuable when 
privately owned since they attach clients 
to the railway owing to the considerable 
capital invested in them. 


In general the Railways favour the 
extension of the stock of privately owned 
wagons by granting reductions which pay 
for the capital invested in such wagons. 
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The Railways themselves own special 
wagons. Some of them hand over their 
operation to affiliated Companies, who 
obtain a better user. 


Sites rented at stations. 


. All the Railways rent sites within the 
station premises to clients. 


In general, the sites are rented under a 
long lease and the tenants are allowed to 
build on them, but clauses concerning the 
cancellation of the lease generally prevent 
permanent buildings being erected. 


The rents are fixed either on the value of 
the site, or according to the importance 
of the station in question. Certain railways 
grant large refunds on the rent in terms of 
the traffic sent. 


Handling gear at the disposal of the public. 


Apart from the classical equipment such 
as derricks and travelling cranes, the Rail- 
ways have put more up to date equipment 
into service 


— cranes on caterpillar tracks in Den- 
mark; 


— mobile cranes in Holland and France; 


— mobile ramps for unloading dumpers 
into open wagons in Holland. 


To end, the Reporter thinks it useful to 
stress once more the fact that after having 
dwelt more especially on the comparison 
between the transport cost, road competition 
has been able to attract and retain clients 
less attracted by lower transport costs than 
by the various facilities offered by the 
rapidity of the transport, its exact adapta- 
tion to essential needs, etc. 


The organisation of road transport makes 
it possible to offer for the door to door 
transport of consignments of several tons 
rates that are very little higher than those 
for large lorry loads. Such conditions 
favour stocking up frequently in small 
quantities; which leads to a reduction in 
the stock required, and consequently lower 
financial charges. 


For goods of a certain value, this advan- 
tage largely makes up the difference in 
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cost between transport by full wagon load 
and road transport in consignments of a 
few tons. 


It seems certain that the volume of fast 
goods trafic (G. V. or R.A. in France) 
will increase ever more and more. But this 
must not be at the cost of an inadmissible 
increase of prime cost. The experience of 
the S..N. CG: Fi in the case of their fast 
regime (R. A.) enables the Reporter to state 
that the new organisation has been a paying 
proposition, thanks to the reduction in certain 
elements of the cost (stock in particular) which 
it has made possible. The increased speed 
realised has in many cases had a decisive 
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result in the case of competition for long 
distance transport of fruit and vegetables. 


In conclusion, it appears necessary to 
seek without ceasing in every field any 
adaptation of railway transport which will 
enable the user to make in his own sphere 
of activity such savings as may prove much 
greater than any reduction in the rates. 
Such adaptations, which can rarely be 
made without further complications in 
the railway services nor without further 
expense, are however justified if they make 
it possible to avoid a more important 
sacrifice in the rates, and this is often the 
case. 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


15th. SESSION (ROME, 1950). 


QUESTION II. 


New technical methods adopted for the design and con- 


struction of large marshalling yards. 


Lay-out and equipment : 


Side and importance of siding groups ; 
Lay-out of connections at entrance to groups ; 
Longitudinal and cross sections ; 

Braking installations (Retarders) ; 

Control of point (switch) operation ; 


Telecommunications ; 
Lighting ; 
Staff buildings, etc. 


REPORT 


(Denmark, France and Colonies. Italy, Luxemburg, Netherlands and Colonies, Norway, Poland, 
Switzerland and Syria.) 


by M. MarcHAnbD, 


Ingénieur en Chef au Service Central du Mouvement de la Société Nationale des Chemins de fer frangais. 


The wording of the question on new 
techniques adopted in the construction of 
marshalling yards may surprise the reader, 
as in many countries the technique applied 
in this field is not particularly new. As 
far as we know, there have not been any 
remarkable innovations in the marshalling 
yards built since the war, and the general 
arrangement of the groups of sidings, the 
building modalities in plan and section, 
the braking or sorting apparatus, are 
the same as before the war, or based on 
principles perfected during the 1929-1939 
period. 


3 


It was towards 1929 that marshalling 
yard technique underwent a profound 
evolution, owing to the invention of track 
brakes able to assure powerful braking 
effects. 

However, as questions relating to mar- 
shalling yards were last considered at the 
Madrid Congress in 1930, it is legitimate 
in the eyes of the International Railway 
Congress Association to consider as new 
techniques those tried out or generalised 
since that time. 

The questionnaire sent in August 1949 
to the Administrations belonging to the 
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Association was drawn up on this basis, 
which was the reason why they were asked 
to supply detailed information concerning 
the traffic and layout of marshalling yards 
built during the last twenty years. 

We have faithfully followed the order 
of the questionnaire in this report, but 
to avoid encumbering the text, we have 
merely given the numbers of the questions 
and not their wording. 


I. — IMPORTANCE AND SITING OF 
THE SIDINGS. 


1) Nature of the different groups of 
sidings. 

The different operations which can be 
carried out in a marshalling yard are: 


— the reception of the trains; 

— shunting by direction; 

— marshalling; 

— positioning for departure; 

— the reception of passing trains, to 
change engines, or to attach or detach 
wagons. 


In small marshalling yards, all these 
operations are gradually carried out in a 
single group of sidings. On the other hand, 
in large marshalling yards, the volume of 
traffic to be dealt with makes it necessary 
to divide up these operations amongst 
several groups, because the number of 
lines per group is limited in practice, and 
because it is advisable that the shunting 
operations be spread over several working 
places to avoid the shunting engines getting 
in each others way. 

Finally, the use of separate groups of 
tracks for the main marshalling operations 
makes it possible to organise the -work 
rationally and facilitates or simplifies in 
certain cases the carrying out of the dif- 
ferent steps; for example the special recep- 
tion tracks found in all large marshalling 
yards makes it unnecessary to shunt any 
rakes into position before shunting them 
according to direction. 

The very large marshalling yards have 
five sets of tracks corresponding to the 
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basic functions ennumerated above, but 
many large up-to-date yards are not so 
completely equipped as this. 

The table given in Appendix I giving 
the characteristics of the traffic and the 
structure of the marshalling yards built 
since 1929, shows that the layout of the 
yards varies a lot as regards the number 
and size of the groups of tracks used. This 
variation is naturally due to the fact that 
each marshalling yard has its individual 
characteristics from the point of view of 
the intensity and kind of traffic; for 
example marshalling yards near main 
arteries run over by many passenger trains 
must be able to accept and send out num- 
bers of goods trains in the slack periods 
between passenger trains; they must the- 
refore have not only ample reception sid- 
ings, but also adequate departure tracks. 
From another point of view, marshalling 
yards at the ports, near mines, or large 
industrial centres, most often have to deal 
with a heavy traffic including a great many 
through long distance trains, and generally 
do not need special installations for the 
formation of trains geographically. 


Marshalling yards must therefore be 


designed individually, taking into account 


the essential characteristics of the traffic; 
but other considerations also play their 
part, such as constructional possibilities, 
particularly the capital and site available, 
so that the Departments concerned have 
to make their choice of the different 
hypotheses possible, and the solution that 
is judged to be the best is often a com- 
promise. 

For this reason we will limit ourselves 
in the present chapter to pointing out the 
general considerations which favour the 
installation of the different types of sidings, 
and to examining the advantages or draw- 
backs of the possible arrangements. 


2) Double marshalling yards. 


To follow the same order as the ques- 
tionnaire. of August 1949, we have to sum 
up the opinions expressed by the Railways 
concerning double marshalling yards, con- 
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sisting of complete installations for recep- 
tion, shunting and marshalling for each 
direction of traffic. 

Certain Railways formerly constructed 
double marshalling yards; there are 4 in 
France, but as Table 1 shows, no double 
marshalling yard has been built by any 
of the Administrations who replied to the 
questionnaire in the last twenty years. 

If it is rational to divide up a marsh- 
alling yard into groups of sidings accord- 
ing to function, dividing them up accord- 
ing to the direction is much more artificial 
and leads to many drawbacks: on the one 
hand, in fact, the output of the two 
separate installations is generally lower 
than that of a single yard; on the other 
hand, except in exceptional cases in which 
the two directions are totally independent 
(ie. in the case of yards at the end of 
a line such as marshalling yards at ports), 
exchanges of wagons will have to be made 
between the two demi-yards and_ these 
exchanges are very costly since the wagons 
involved have to be shunted twice over. 

From the replies received, it appears 
that double marshalling yards were set up 
between 1920 and 1930 at a time when 
the technique of marshalling yards was not 
well developed, and when the output did 
not exceed 100 wagons an hour. 

If the work of a yard exceeded this 
limit, corresponding to a daily output of 
2000 or 2500 wagons, it was essential to 
double it. 


Modern shunting equipment, however, 
makes it possible nowadays to obtain a 
much higher output; a marshalling yard 
can in practice deal with 200 wagons 
an hour, and consequently more than 
4000 wagons a day. 


Consequently only in very exceptional 
cases does it seem necessary to construct 
a double marshalling yard; generally, it 
is preferable, from the point of view of 
capital expenditure and above all of oper- 
ating costs, to have a single yard, even 
when there is no exchange of traffic 
between the two directions of running. 

For example, Switzerland reports that 
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the proposals to extend the Bale-Muttenz 
yard originally considered a double yard, 
but it is now proposed to deal with any 
possible increase in the traffic by enlarging 
the single existing yard. 

3) Marshalling 
group of: sidings. 


trains. — Formation 


By the expression « marshalling trains » 
must be understood the whole of the oper- 
ations involved after shunting, i.e. after 
collecting together the wagons which will 
form the train, and these operations differ 
essentially according to the nature of the 
trains : 

— through trains have to undergo a 
simple preparation during which vans 
are added, wagons taken off, put in 
a different order, and have their loads 
altered, and if needs be rectification 
of the composition in order to com- 
ply with the regulations, which vary 
from railway to railway but are often 
very complex, concerning the distri- 
bution of the braking of the shunt; 


— semi-through trains and _ stopping 
trains must be arranged geographi- 
cally in addition, so that the wagons 
come in the order of the stations 
served, which involves a complete 
revision of the composition of the 
rake. 


In many marshalling yards, the forma- 
tion of trains is carried out : 


— either by the shunting hump during 
periods when shunting according to 
direction is stopped; 

— or at the head of the groups of sidings 
at the other end to the hump, which 
‘we will call in the following pages 
the « marshalling yard »; for this 
purpose, one or more humps are 
provided at the head of the marsh- 
alling yard, the classic arrangement 
being two humps and two adjacent 
shunting dead end roads (Fig. No. 1). 
The complexity and low output of 
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the marshalling operatious makes it 
necessary in fact to devote more 
shunting engines to this job at cer- 
tain periods than to the real shunting 
operations. The installations must 
therefore be such as will allow of 
two engines working simultaneously, 
each on half a group, or:a_ single 
engine working over the whole group, 
from one or other of the two shunt- 
ing roads. 

A slightly different solution has however 
been adopted in France in several yards 
(Fig. 2); two separate humps are provided 
each connected separately to each half 
group of tracks which is usually sufficient 
as it is very rare to require more than 
15 tracks in making up the trains geogra- 
phically. 

This arrangement, which considerably 
shortens the equipment zone in the marsh- 
alling area, makes it possible to improve 
the output by reducing the shunting time 
required; a ladder in front of the humps 
on the buffer stops side gives the necessary 
connection between the two shunting necks 
so that exceptional operations involving the 
whole of the marshalling yard can be car- 
ried out. 


Groups of tracks specially arranged for 
making up trains geographically, 


Shunting carried out in this way in the 
marshalling area inevitably causes some 
interference with coupling up the train 
engines and the departure of the completed 
trains; the drawbacks resulting therefrom, 
which affect the output, are not very 
serious in the case of simple shunting to 
make up the trains. 

But in important marshalling yards 
which have to make up a large proportion 
of semi-through or stopping trains, it is 
essential to lighten the work of the making 
up area by installing a specially arranged 
group of sidings used to arrange the units 
to be included in trains made up geogra- 
phically. 

As there can be no question of siting 
the marshalling sidings alongside the recep- 
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tion sidings, owing to the interference this 
could cause with the shunting area, the 
only two possible sites are to be found in 
an extension to or by the side of the 
marshalling area. 

Siting the geographical marshalling 
group of tracks as an extension to the 
marshalling area (Fig. 3) has the draw- 
back of increasing the shunting required 
to transfer the rakes; in addition, the hump 
is rather far away from the rest of the 
working area, so that the staff is dispersed 
which makes supervision and the organisa- 
tion of the work more difficult. 


For this reason, it appears preferable to 
site the geographical marshalling sidings, 
when the width of the site makes it pos- 
sible, by the side of the main marshalling 
yard (Figs. 4 and 5). 

If in certain cases two separate groups 
of geographical marshalling sidings have 
been installed, this is generally done so 
that for each direction of running the 
ordinary trains may have easy access to the 
outgoing sidings. 

As regards the layout of the marshalling 
sidings various arrangements are used by 
the Administrations who replied to our 
questionnaire. 

In Switzerland, the geographical marsh- 
alling yard (see Fig. 4) consists of a group 
of very short sidings on which each rake 
to be made up is shunted, the wagons for 
each of the stations served by the train 
being grouped together on each siding. 
When this marshalling is completed, the 
different lots are joined up in geographical 
order; the trains made up in this way 
separately one after the other are then 
sent to the holding sidings to await 
departure. 


In Italy, the geographical marshalling 
yard also consists of short tracks, but each 
is a dead end track, which makes it pos- 
sible to reduce the cost of the installation. 

In France, from the point of view of 
capital expenditure, a yard with long sid- 
ings is preferred (Fig. 5); the work of 
Separating the different lots is carried out 
about the top of the sidings and at the 
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Typical arrangements of marshalling yards : 


Fersceau principal 


de 


triage 
Sens du débranchement 
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Fig. 1. — Yard with 2 humps serving all the sidings. — Main group of sidings. In the direction of the 
shunting. : 
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Fig. 2. — Yard with 2 humps each serving half a group of sidings. 
zy ae 
—_ AN 

Fig. 3. — Geographical marshalling sidings at the end of the yard. 
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Fig. 4. — Geographical marshalling sidings (Swiss arrangement). 
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Tie 3) = Geographical marshalling sidings (French arrangement). 
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top of the lines adjoining the main group; 
the bulk of this special group is used as 
a holding siding for the ordinary trains 
after they have been made up; this group 
of long sidings can moreover be used to 
make up either ordinary trains made up 
of a large number of small lots, or semi- 
through trains made up of a few large 
rakes; it can also be used as a holding 
siding for the through trains. 

France points out that only marshalling 
yards with long sidings make it possible 
to apply « simultaneous marshalling » (?) 
which is intended to permit the geogra- 
phical marshalling of a group of trains by 
shunting alone, doing away with all the 
costly and lengthy work of collecting the 
wagons by locomotives. 

In this case, when the shunting engine 
can be used either wholly or in part for 
marshalling operations, it is advisable to 
connect the making up sidings with the 
shunting hump to profit from the efficient 
and up-to-date equipment as there is very 
little difference between the operations 
involved in « simultaneous marshalling » 
and shunting. The sidings used for marsh- 
alling geographically the trains are then 
incorporated in the main group of marsh- 
alling sidings. 


4) a. Departure yard. 


While a train is being made up, then 
Waiting its turn to go onto one of the main 
marshalling lines, shunting continues : 


— if the train must leave in the opposite 
direction to the shunting, wagons 
intended for the corresponding line 
have to be sent back, and picking 
them up subsequently is always costly; 

— if, on the contrary, the train leaves 
in the shunting direction, the wagons 
can continue to be sent to the corres- 
ponding line, at least while making 


(1) The examination and discussion of marsh- 
alling methods is to be dealt with by the 
reporters of the 38rd_ section : Question VII 
(Methods of organisation in the large marsh- 
alling and shunting yards). 
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up is in progress, but this possibility 
disappears when waiting to. leave is 
prolonged. 


In certain cases, these drawbacks can be 
mitigated by allocating two lines for each 


of the most heavily loaded directions; when 


one line is full, the wagons for the corres- 
ponding direction are shunted onto the 
other. But this measure can only be 
applied to a small extent as it can only 
be taken for a limited number of directions. 


For this reason large marshalling yards 
are generally equipped with a special group 
of departure sidings, into which the rakes 
are shunted as soon as they are ready; it 
is impossible to stress too much the value 
of such a group which gives the operating 
sufficient flexibility of working to keep the 
shunting work in which so much capital 
has been invested going at a regular, rapid 
rhythm. 

The existence of waiting sidings for 
trains ready to leave also increases the 
flexibility of the Traction Services for 
supplying engines; the various economies 
which may result, by making it possible 
to work on rational lines with a very small 
stock of engines, i.e. with « low traction > 
will cover to a large extent the installa- 
tion costs of these yards as well as the 
operating costs corresponding to the shunt- 
ing of trains ready to leave from the marsh- 
alling sidings to the departure sidings. 


To sum up, it may be stated that it is 
always an advantage when there is suffi- 
cient space available to install a group of 
departure sidings in up-to-date marshalling 
yards : 

a) to do away with departures in the 
reverse direction which oblige the shunting 
yard to send back wagons when making 
up the trains for departure, and to stop 
working when engines are put at the head 
of the trains and when they leave; 


b) to prevent obstructing the sidings 
whilst awaiting departure, especially on 
Railways working with only a few shunt- 
ing engines and in yards serving lines with 
a heavy passenger traffic where the trains 
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may have to wait a long time before being 
able to leave. 


Siting of the departure yard. 


Examination of the plans sent us shows 
that it is possible to site the departure 
yard as an extension of the marshalling 
yard (Fig. 6) or alongside the main marsh- 
alling yard; as a single group (Fig. 7) or 
on two separate groups, one for each direc- 
mon (Pigs! 8); 

The staff required for the departure 
sidings is very small, so that contrarily to 
what was said in the case of geographical 
marshalling yards, there are not the same 
objections to making it an extension of 
the main yard; on the contrary locating it 
in such a situation is rather favourable 
since. the shunting when transferring from 
the main yard to the departure yard is 
particularly simple. 

On the other hand, as the reply received 
from Switzerland stresses, it is possible to 
reduce the size of the installations when 
the departure yard is sited alongside the 
main yard, as it can be combined with the 
geographical marshalling yard. 


In our opinion the layout to be adopted 
for the departure yard depends to a large 
extent on the site and space available, the 
best solution for the operating including : 


— a combined yard at the side: geogra- 
phical marshalling; 

— awaiting departure, the capacity of 
which it determined by the output 
required of the former; 

— and a supplementary yard for trains 
waiting to leave sited as an extension 
to the main yard. 


Note. 


Bringing to an end our examination of 
the questions concerning the marshalling 
and departure yards, we must make special 
mention of the arrangements made by the 
Netherlands Railways to carry out the spe- 
cial conditions of the organisation of their 
marshalling services. ‘ 

This Railway points out that each of its 
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twelve large marshalling yards works almost 
exclusively by night, the work being divided 
into two distinct periods : 

In the evening, each marshalling yard 
marshals the ordinary trains which collected 
the wagons of their area, makes up and 
sends off the through trains to the other 
marshalling yards. 

After midnight, each marshalling yard 
receives the through trains from the other 
yards, and makes up from these the trains 
serving its area, which leave in the early 
hours of the morning. There is no geogra- 
phical marshalling of these trains; they 
merely supply certain large stations in the 
area, which will serve the neighbouring 
stations by means of locotractors. 

This method of operating, adopted to 
fight road competition by systematically 
assuring rapid transit (day A — day B) 
makes it unnecessary to have any making 
up or departure yards. 


4b) Relief sidings. 


Relief sidings are only necessary when 
through and semi-through trains have to 
be accepted at the marshalling yard : 


— either to change engines; 
— or to pick up or leave wagons. 


In the first case, the relief sidings can 
be sited at any point in the yard, the best 
site being that most easily accessible to the 
locomotive shed. 

In the second case, the relief siding 
should be sited near the main shunting 
yard; the best solution as regards the oper- 
ating is to side the relief sidings alongside 
the main yard, connecting it up directly 
with the shunting and marshalling humps, 
so that wagons can be added or cut off 
indifferently at either end of the trains. 

A relief yard sited in this way (Fig. 9) 
is in the same position as a side marshalling 
yard, so that the two can be combined into 
one later on if needs be. In the same way, 
the relief yard can be doubled and sited 
on each side of the shunting yard, with 
one relief yard for each direction. 
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Group of sidings for trains waiting to leave and relief sidings. 


| 
: 
Fig. 7. — Lateral siding for trains leaving. 
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5) Special equipment for registered wa- 
gOns. 


In this connection we simply note that 
France advised us that she has given up 
transport by registered wagons; as for the 
other Administrations, they state that they 
have no special installations for this 
purpose. 


6. Arrangements to be taken to prevent 
interference between traffic movements. 


On all. railway installations an attempt 
is made to suppress any interference with 
the traffic, or at least to diminish the pos- 
sibility, especially those which are most 
likely to hinder the smooth running of the 
services and economy of operation. 

Marshalling yard layouts must be closely 
studied and examined from this point of 
view : 

== ii) Woe inne [SKE We) jemeviemie cua 

interference between the trains and 
the shunting, which are a great impe- 
diment to the general output of the 
yard and lead to /ost time in shunting 
and making up; 

— in the second place, to prevent inter- 

ference between the trains themselves, 
so as to keep the traffic circulating 
satisfactorily in the yard and its neigh- 
bourhood, which involves a_ strict 
observance of the programme. 


The same problems arise in the case of 
the locomotives used to haul the trains, 
but to a lesser extent since locomotive 
movements are quicker and therefore gener- 
ally less of a hindrance. 


a) Interference of the shunting with the 
trains. 

Such interference takes place essentially 
at the ends of the marshalling and recep- 
tion yards. 

As regards the marshalling yards, we 
have already reported that this can be 
considerably reduced by the construction 
of special departure and geographically 
marshalling yards. 

It should be noted however that in large 
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marshalling yards not equipped with these 
special groups of sidings, it is desirable to 
have two departure sidings at the head on 
each side of the shunting sidings, so that 
a train can always leave one half of the 
ladder track while shunting is taking place 
on, the other Fig. 1). 

As regards the reception sidings, quite 
special precautions have to be taken: 


— on the one hand, at the opposite end 
to the hump to enable the shunting 
engines to get to the end of rakes 
to be shunted whilst a train is coming 
im (Fig 10)5 

— on the other hand, on the same side 
as the hump, so that a train from 
the opposite direction to that of the 
shunting can be accepted on one half 
of the sidings whilst a rake is being 
shunted on the other (Fig. 10). 

Another arrangement, more costly how- 
ever consists in the building of double or 
multiple turn-outs to deal with most 
cases of necessary simultaneous marshalling 
(Fig. 11). 

It must however be pointed out that 
the most tiresome obstruction is that which 
may occur near the hump between rakes 
being shunted and trains arriving in the 
opposite direction; when the arrangements 
specified above have not been made or 
are considered insufficient, it is desirable 
to make the arrival siding for trains arriv- 
ing in the opposite direction sufficiently 
long to take the whole train after it has 
left the main line and is waiting for a 
shunting operation to finish (Fig. 12); the 
yard foreman in this way has greater 
liberty in regulating the shunting and is 
not obliged to subordinate the shunting 
to train receptions. 

Finally in very large marshalling yards, 
particularly in yards where at certain hours 
shunting takes place continuously with 
two shunting engines working alternately, 
it becomes impossible in practice to receive 
on the hump side all the trains arriving 
in the opposite direction to that of shunt- 
ing; it becomes necessary in this case: 
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— either to make one or more backing 
sidings at the end of the reception 
yard; trains received on these sidings 
are propelled back into the recep- 
tion sidings by the train locomotive 
(Fig. 13); it should be noted here 
that it is possible to profit by this 
arrangement to back a short train 
onto a short rake already accepted, 
so that they can both be shunted 
together in a single operation, which 


igeanlO: 


Fig. 11. 


saves an appreciable amount of time, 
especially when only one shunting 
engine is available; 

— or, which is the best solution from 
the operating point of view, make 
a reception loop (Fig. 14), so long as 
the necessary space is available. 


Figs 15 and 16 are diagrams of such an 
arrangement carried out at Gevrey (France) 
and Bologna (Italy), the latter yard having 
been equipped with loops or connections at 
the entry and exit to the yard, so that all 
the operations of reception, marshalling and 
dispatching can be carried out rigorously 
in one direction only. 
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b) Traffic 
engines ). 


interferences (trains and 


Interference with the traffic can be 
reduced above all by a rational arrange- 
ment of the sidings and running lines. 


Any investigation into the layout must 
be accompanied by a precise determination 
of the traffic on the different lines and the 
inevitable crossing points; this enables it 
to be decided whether it is necessary 


(} 


— Reception of trains divided over two half groups of sidings. 


pA, oN 


(\) 


— Lead in with double turn-outs. 


to spend capital on the construction of 
flyovers to avoid the most serious cases. 


We will merely mention the fact that 
the itineraries of trains arriving at and 
leaving a marshalling yard generally cross 
each other at 3 points, two on the main 
line and one on the sidings (Fig. Ie 


Such points, which are inevitable when 
the marshalling yard is sited alongside the 
main line can only be eliminated by 
flyovers; however, it is possible, as Fig. 18 
and 19 show, to lay out the arrival and 
departure lines in such a way that two 


such crossings are eliminated by a single 
work. 


are 
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The solutions shown in Fig. 18 and 19 
differ according to whether this single cros- 
sing on the main lines affects the trains 
received into the yard, or when leaving it; 
but it is better from the operating point 
of view to favour the trains received into 
the yard, which are more likely to get 
delayed than the trains leaving (Fig. 18). 
In the same order of ideas it should be 
noted that the two points of intersection 
with the main lines are automatically 
eliminated when the marshalling yard can 
be sited between two main lines; but this 
arrangement, which still leaves one point 
of intersection can only be recommended 
when the two main lines can be spaced 
sufficiently far apart. 

As regards the circulation of the loco- 
motives, the arrangements to be made 
depend partly on the site of the locomotive 
shed; in any case the locomotives leaving 
the yards to go into the shed on the 
opposite side cannot cross the shunting 
areas; the lines must therefore be so 
arranged that the locomotives can avoid the 
marshalling yard, either on the side of 
the reception sidings or on the marshalling 
yard side (see Fig. 20). 

In both cases this is rather a roundabout 
way, and the lines wil cut across the arrival 
and departure routes. 

To obviate these drawbacks, an interest- 
ing solution is to make an underground 
connection under the shunting hump, as 
shown in Fig. 20 b. 


7) Useful length of the lines and number 
of lines in the different yards. 


Length of the lines. 


The useful length of the lines depends 
on the length of the trains to be received 
and made up; it may therefore differ from 
one yard to another, taking into account 
for example the profile of the lines served, 
the power of the traction locomotives, etc. 

The useful length may even vary in a 
yard itself, certain tracks always being used 
for short trains and others for long trains. 

However as the additional cost is relati- 
vely little, we think that, apart from certain 
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exceptions justified by local circumstances 
such as lack of space, when extending exist- 
ing yards, it is better from the operating 
point of view to make all the tracks of a lad- 
der track the same length; the staff must in 
effect take into account a great many con- 
siderations in the rational organisation of 
the shunting and reception and dispatching 
of trains, and it is better not to impose 
any additional regulations concerning the 
choice of track to be used according to the 
length of thé trains concerned. 


Moreover, as we shall see later on, the 
rapidity with which the work is carried 
out depends on the use of short, homoge- 
neous lead ins groups of sidings, i.e. those 
whose « good crossings » are sited on the 
same alignment; respecting this condition 
implies that all the tracks of a group of 
sidings are the same length. 

The length of the tracks of a group of 
sidings depends therefore in general on 
the length of the longest trains to be dealt 
with therein, with a margin over if needs 
be to assure the necessary flexibility. 

In reception or relief sidings, such a 
margin is not absolutely essential, but it 
is generally allowed for to prevent trains 
having to enter slowly and obstructing the 
points and crossings too long. 

On the other hand, in the dispatching 
sidings, as well as in the comparable marsh- 
alling sidings, there does not seem: to be 
any point in having a margin. 

In the main marshalling yard, a fairly 
large margin is necessary, to make it pos- 
sible to continue shunting on lines where 
trains are already being made up. 


Finally, it should be noted that for the 
geographical making up of trains a small 
group of sidings for separating the lots is 
used (Fig. 4), the length of its tracks 
depending on the length of the lots (from 
100 to 300 m = 328’ 1” to 984’ 3”), 


Number of tracks in the different yards. 


The number of sidings must be determ- 
ined in each case according to the charac- 
teristics of the traffic and the programme 
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of organisation of the work on the line 
served. 

Studies of proposed marshalling yards 
must therefore be preceeded by a study 
of the requirements and necessities of the 
operating. 

For example the number of lines in a 
reception yard depends : 

1) on the rhythm at which trains are 


a) where there is no flyover. 


~N 
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4) if needs be periods during which 
shunting is stopped, at times when there 
is little traffic, to make savings in operation. 

Similar considerations apply in the case 
of departure and relief sidings. 

As these yards should be large enough 
to hold the trains which have to remain 
stationary on them together, taking into 
account the general operating conditions 


b) where there is a flyover. 


Réception 


= S 
a SSS 


Fig. 20. — Diagram of the engine movements: 
Depart = Departure. 


Triage = Marshalling ; 


received, which may be exceptionally high 
at certain hours in the case of marshalling 
yards receiving a large number of ordinary 
trains at the end of the evening, or those 
situated on lines with heavy passenger traf- 
fic where goods trains can only be run at 
certain times; 


2) the time taken for the preliminary 
shunting operations : inspection and mark- 
ing, or to be more accurate the number 
of staff which can be detailed for these 
operations at the peak periods; Switzerland 
stresses moreover the importance of the 
Customs Inspections in the reception sid- 
ings at the importing stations; 

3) the output in practice 
shunting area; 


from the 


and the working programme for the marsh- 
alling; their size can therefore only be 
decided by the Operating Department 
which has to decide what margin will give 
the necessary flexibility and take into 
account both the need for reducing the 
capital invested to the lowest possible 
figure and yet being able to assure at all 
times the most economical working con- 
ditions. 


As regards the main yard, the number 
of tracks depends upon the greater or 
lesser selection which the Departments 
using them wish to obtain after the wagons 
have passed through the shunting area; 
for example if empty wagons have to be 
cut out whose re-use is governed by definite 
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distribution orders, a track can be provided 
for each type of wagon : flat truck, covered 
wagon, dump wagon, however if the num- 
ber of empty wagons coming in daily is 
not very great, a single track may suffice, 
involving of course selection at a later 
period and the additional cost of the extra 
shunting involved. 

As a whole, from the point of view of 
the installations, a distinction may be made 
between : 

a) lines reserved for through services, 
each service having one or several trains 
daily; a track is necessary for each service, 
and as we have stated, if there is no 
dispatching yard, it may be necessary to 
double the corresponding lines for the ser- 
vices with the heaviest traffic, especially 
when the trains leave in the opposite direc- 
tion to that of the shunting; 


b) the lines reserved for the local services 
(empty wagons, made up rakes, loads to 
be altered, services to the local sheds: 
depots, tranship sheds, and private sid- 
ings). Some of these tracks may be used 
for several purposes, involving further 
marshalling or geographical classification 
later on; 


c) making up lines set aside for semi- 
through and stopping trains serving adja- 
cent lines, the different rakes of which 
always have to be shunted specially to put 
them in geographical order. 

The number of making up lines is 
approximately the same whether  simul- 
taneous making up or ordinary making up 
methods are used, so long as the user of 
the lines is satisfactory in the latter case, 
for example by grouping together on the 
same line the wagons for two or more 
short trains. 

But with every hypothesis, whatever the 
installations and the working methods 
used, it is always possible to limit the 
importance of the track equipment by 
taking the necessary steps to see that the 
geographical making up of the rakes is 
completed on the making up lines, at least 
as far as trains leaving in the direction of 
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the shunting are concerned. ‘The saving 
obtained by being able to re-use the mak- 
ing up lines as holding lines for trains 
ready to leave once they have been geo- 
eraphically made up, does not involve any 


drawbacks for the service, as most of these ~ 


trains generally leave soon after being 
made up. 


kK 


Il. — LAYOUT AND CONSTRUCTION 
OF THE GROUPS OF SIDINGS. 


It is unanimously agreed that the lead in 
lines of yards should be very short: 


a) in all cases in order to reduce the time 
they are occupied by shunting trains or 
engines, and to increase the output of the 
shunting operations; 

b) where gravity shunting is used, in 
order to reduce the risk of good and badly 
running wagons catching each other up, 
and consequently making it possible to 
shunt at a faster rhythm. 


The investigation into the minimum 
length of the lead in lines depends to a 
large extent on the layout of the lines and 
type of equipment used (Fig. 9b), but it 
must be made when the yard is being des- 
igned, retaining only the track equipment 
strictly necessary for carrying out the 
Services. 

‘The departments using these services are 
often tempted to provide further connec- 
tions to give great flexibility on occasion, 
but they must never forget that it is very 
rare for such additions not to lead to a 
permanent reduction in the output of work. 

For example if the double entrances to 
the reception yard shown in Fig. 11 would 
seem a priori preferable to the simple 
arrangement of Fig. 10 owing to the flexi- 
bility they give at the time the trains are 
received, such an arrangement is altogether 
disadvantageous as regards the shunting 
output, owing to the extra distance 
involved. 


8) Study of the connections in the shunt- 
ing area 
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As the shunting area is the most 
important part of the marshalling yard, it 
appeared to be of value to ask the opinion 
of the different Administrations on the 
various connections which can at times be 
added to the strictly essential track equip- 
ment required for the shunting operations. 


a) Double humps. 


Double humps are those which consist 
of two lines of humps, on the same level, 
both serving the whole of the shunting 
lead in. 

When the layout is suitable, such an 
arrangement only involves an extension of 
the lead in by some few yards; all the 
Administrations consequently consider that 
it is desirable to fit double humps in 
important marshalling yards, as with them 
it is possible to use two shunting engines 
working alternately. 


In addition double humps make it pos- 
sible to shorten the lead in to the recep- 
tion sidings beside the hump; the designs 
for the Zurich marshalling yard even 
include the installation of a triple hump 
for this reason. 


b) and c) Lines to by-pass the hump and 
lines to allow trains to leave in the opposite 
direction. 

Such lines are generally sited at the end 
of the shunting yard by a common point 
and crossing placed immediately at the foot 
of the slope from the hump; and _ the 
presence of this point and crossing leads 
to an increase in the length of the shunting 
line (of some twenty metres [66']). 

There are by-pass lines of this type in 
many marshalling yards; an examination 
of the plans we received showed however 
that some of the large marshalling yards 
in France, Italy, Holland and Switzerland 
did not have them. 

These lines are intended to take the 
rakes from the main sidings towards the 
reception sidings to carry out further 
marshalling; the rakes in question are 
therefore long rakes, of considerable ton- 


4 


BULLETIN OF THE INT. RAILWAy CcNGRESS ASSOCIATION 


379/17 


nage, which the shunting engines could 
not draw directly over the hump. 


These operations are generally carried 
out when the shunting area has to under- 
take some of the work of preparing or 
making up the trains geographically, to 
fill in periods when there is no shunting. 
This is often the case in medium sized 
marshalling yards and sometimes even in 
the large yards if the traffic falls off. 


In our opinion therefore the lack of a 
track by passing the hump can only be 
justified in large marshalling yards where 
there is so much traffic that the shunting 
area can be expected to be always fully 
occupied in marshalling. 


It must not be forgotten in this connec- 
tion that the constant increase in wagon 
loads may result in a railway whilst retain- 
ing the same volume of traffic, having 
less wagons to handle in the marshalling 
yards, and consequently reducing the time 
required for shunting properly speaking. 

As regards trains leaving in the opposite 
direction to the shunting, it is generally 
impossible to avoid this except when the 
marshalling yard is equipped with a group 
of sidings for trains waiting to leave. 


d) Double humps for winter and summer. 


Double humps at different levels have 
sometimes been installed to reduce the 
height of the fall during the good weather, 
but the consequences resulting therefore 
are much more inconvenient than in the 
preceding cases, since to fit them means 
increasing the length of the lead in to 
the reception sidings adjoining the hump 
by several dozen metres, and consequently 
increasing the time taken by the shunting 
engines to bring in the rakes to be shunted 
from the reception sidings to the shunting 
hump. 

All the Administrations concerned are 
agreed that this arrangement should be 
given up, as it is no longer of any prac- 
tical value owing to the existence of very 
powerful line brakes capable of absorbing 
a large amount of excess energy; if needs 
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be, it is better to use additional brakes 
on leaving the hump, the reduced length 
of which will not involve any extension 
of the layout. 


9) Constructional characteristics of the 
marshalling yards : 

a) Groups of sidings. 

It is generally admitted that, except 
when this is physically impossible, the lines 
should be made on the straight to facilitate 
optical communication between employees 
as well as to give good visibility to the 
staff manning the points and _ braking 
equipment. 

Furthermore sufficient six-foot ways must 
be allowed for the staff (inspectors, points- 
men, brakesmen) to move about in com- 
plete safety. 

Most Administrations make their six-foot 
ways of standard width, though a few extra 
wide ones are provided if necessary for the 
erection of the electric lighting posts or 
the electric traction pylons; on the other 
hand, in France wide and narrow six foot 
ways are alternated, the latter more espe- 
cially for the convenience of the staff (with 
the exception of the inspectors who have 
to examine wagons on both sides of the 
lines). 

Table 2. gives details of the standards 
in use on the Railways which replied to 
the questionnaire, which are all European 
Railways and have the same gauge for 
their rolling stock which has a maximum 
width of 3.15 m (10’41/32”); however it 
should be noted that the width of the 
majority of wagons used on the European 
Railways does not exceed 3 m (9/10 1/8"); 


b), c), d) and e) Marshalling yard lead 
1S. 

The essential factor in the layout is the 
minimum radius allowed for curves: the 
length of the lead in is in fact the shorter 
as this minimum radius is the smaller. 

The minimum radius allowed (see 
Table 2) varies from country to country 
between 140 to 190 m (459" 3. 3/4” to 
623’ 4 3/8") but straight sections have to 
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be inserted between curves in opposite 
directions to prevent the buffers locking. 


None of the Administrations have found 
it necessary to grease the rails on curves of 
small radius to facilitate the negociation of 
the curves by the vehicles. 


Most Administrations use track equip- 
ment of the usual type; only in France is 
special equipment used on a wide scale 
consisting of symmetrical very open turn- 
outs with a radius of curvature of 200 m 
(656' 2”), the angle of deviation having a 
tangent of 0.167; these very short switches 
(18.36 m [60’2 13/16”] between the end 
joints) can be juxtaposed point to heel 
without any practical drawbacks, thus 
making it possible to obtain very compact 
layouts. 

The use of switches of this type makes 
it possible for example to reduce the lead 
in to a 32 track group to 225 m (see 
Fig. 21); in addition as all the track equip- 
ment is symmetrical, the running resistance 
of the wagons due to the curves is about 
the same in the lead in as on the routes 
taken by the wagons being shunted. 


To end this examination of the lead in 
to a group of sidings, we think it useful 
to call attention to the two following 
points : 


— on the one hand it is desirable that 
the different routes taken by wagons 
shunted near the switches should be 
of the same length so that there is 
no risk of their overtaking each 
other; the realisation of this condition 
involves siting all the crossings for 
the lead in to the ladder on the same 
line, which in consequence greatly 
facilitates the work of the pointsmen 
and brakesmen; 


— on the other hand it is advisable to 
reduce to the strict minimum the 
distance between the top of the hump 
and the first switch, always taking into 
account the necessity for suitably 
Spacing the wagons in line with the 
first switch according to the required 
shunting rhythm and conditions under 
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which the points are worked; the 
replies received on this point which 
are summed up in Table 2 show that 
this distance has been reduced to less 
than 30-m1 (98-5 1787): 
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9f) Constitution lines in the 


marshalling yards. 


of the 


The track equipment and the _ ballast 
characteristics for marshalling sidings may 
be summed up as follows : 


| France | Italy | Luxembourg Holland | Switzerland 


Rails re-used or new | standard rails} 36 to 46 kg | No. 38 rail | 36 to 46 kg 
second grade for service rails 
46 kg rails sidings 
in the lead-ins 
Ballast . no regulations under layer 2-4 cm under layer, | under layer 
j of sand, broken slag | coarse sand of sand 
ballast 30 cm or gravel, 
of broken deep covering broken 
stone of clinker stone ballast 


Most Administrations seem to endeavour 
to make economies in the first cost by using 
old or second grade rails in the yards. 

On the other hand, in the lead ins run 
over by much traffic and heavy engines, 
better quality rails are used to reduce 
maintenance costs. 

France reports having extended the use 
of welding in marshalling yards by the 
aluminothermic process; the length of the 
welded rails varying from 120 to 360 m. 
Apart from the maintenance economies 
obtained in this way, this process has been 
found to be of particular value in zones 
where braking by skids is used; the running 
surface of the rail being uniform and con- 
tinuous, the skids hold well and the braking 
is more regular and more effective. 

The kind of material used for ballast 
varies a lot and appears to depend essen- 
tially on local resources; Luxembourg and 
Switzerland show a marked preference for 
broken ballast; many Administrations lay 
an under layer of some permeable material 
such as sand, gravel, quarry screenings, etc. 

France states that when the nature of 
the soil makes it necessary, drainage 1s 
assured by underground drains arranged in 
herringbone; Luxembourg also makes use 
of drainage by perforated pipes. 


2k ok ok 


lil. — LONGITUDINAL AND CROSS 
SECTIONS. 


10) Marshalling yards on a continuous 
gradient. 


The principle of marshalling on a con- 
tinuous gradient at first sight appears 
attractive as it will do away with the rela- 
tively high costs of shunting engines, but 
in practical application serious difficulties 
arise which usually make it impossible. 


a) If the marshalling and making up is 
to be done by gravity, whatever the weather 
conditions, it is necessary to have an aver- 
age gradient of 8 mm per m (8°/,,) in the 
sidings to overcome the running resistance 
of the worst rolling wagons. 

Moreover at least three groups of sidings 
in the extension of the yard are required 
to assure the reception, marshalling and 
making up of the trains; consequently for 
a yard of 3 groups of sidings each 800 m 
long, the total fall from one end of the 
yard to the other will have to be of the 
order of 25 m. Unless extensive earthworks 


‘are made it is therefore impossible to make 


marshalling yards on a continuous gradient 
unless the site has the necessary natural 
slope; 

b) The gradients required may be an 
obstacle to the direct reception of heavy 
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trains coming in from the opposite direc- 
tion (or being dispatched in the opposite 
direction) so that loops or connecting lines 
will have to be made; 


c) With the exception of track brakes 
which are unfortunately too costly to be 
used on all the lines of a marshalling yard, 
the only means available to regulate the 
speed of the wagons or rakes and to stop 
them is to have employees on them to apply 
the hand brakes or to brake them at fre- 
quent intervals by hand operated skids. 

In both cases, this involves using many 
men and the resulting costs would appear 
to exceed the economies to be expected 
from the saving in shunting engines. 

With the exception of a very limited 
installation on a continuous gradient at 


Debranchement 
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from the point of view of staff costs, as 
it is possible to hold rakes stationary and 
to regulate their speed during shunting 
either by means of screw brakes on the 
rakes or, preferably, by track brakes fitted 
at the end of each of the reception tracks. 


France points out however that the cost 
of making an automotive incline is con- 
siderable in the case of marshalling yards 
on level ground, and increases in propor- 
tion to the number of reception tracks. 


On the other hand, in order to assure 
that the rakes will move on under all cir- 
cumstances, it is essential to have a very 
accurate profile for the automotive incline, 
which sometimes leads to difficulties when 
the embankment is made on marshy 


ground; it was partly due to these draw- 


formation 
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Fig. 22. — Profile of the main marshalling group of sidings. 


Débranchement = Shunting. 


the making up sidings of Bale marshalling 
station (Switzerland), only Italy has such 
a yard at Novi with a daily capacity of 
1500 wagons, on a continuous gradient of 
Memm, perm (117 /,,).- 

All the Administrations appear to be 
agreed that the construction of an up-to- 
date marshalling yard on a continuous 
gradient is out of the question (unless 
topographical conditions lend themselves 
thereto) unless braking technique can be 
improved to making the slowing down and 
stopping of wagons on continuous gradients 
economically possible. 


11) Automotive inclines. 

The application of the principle of a 
continuous gradient to the reception sidings 
only by making what is generally known 
as an automotive incline involves fewer 
drawbacks from the point of view of 
difficulties of construction and above all 


Formation = Making up. 


Palier sur 100 m = Level over 100 m. 


backs that France has turned the auto- 
motive inclines of several marshalling yards 
into ordinary reception sidings with shunt- 
ing humps. 

Finally, the progress made in the con- 
struction of shunting engines, especially 
the use in non-electrified marshalling yards 
of low consumption diesel engines, as well 
as the generalisation of the practice of hav- 
ing only one man on the shunting engines, 
naturally reduce the interest of automotive 
inclines. 

To sum up, it would appear that the 
use of automotive inclines is only worth 
considering when the site naturally has a 
suitable profile or when the number of 
reception tracks is small. 

12) Profile of the growps of sidings and 
shunting lines in marshalling yards worked 
by shunting engines. 

a) Longitudinal sections. 
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It goes without saying that generally 
speaking the tracks of marshalling yards 
in which the work is done by shunting 
engines must be more or less on the level 
so that wagons and rakes can stand on 
them without any special precautions hay- 
ing tu be taken to prevent them moving. 

The reception, leaving and connecting 
yards should preferably be on the level 
with maximum gradients of 3 mm per m 
Cle 

As for the main shunting yard, all the 
Administrations concerned are unanimous 
in choosing a boat shaped section (Fig. 22), 
suitable gradients being arranged at the 
two ends to facilitate the running of 
wagons set in motion by the humps or 
restarting them after braking, to help them 
buffering up on the lines; these gradients 
however should not exceed 2.5 to 3 mm 
per m (2.5 to 3 °/,,), as beyond this easily 
running wagons might get up too much 
speed and become dangerous to the wagons 
that have already been shunted. 

In Italy the maximum gradients of the 
main shunting yard do not exceed 1.5 mm 
per m (1.5 °/,,), a very low figure which 
appears to be justified by the climatic con- 
ditions in this country; 


b) Cross sections. 

Generally speaking, all the tracks of each 
of the shunting yards are on the same level, 
and none of the Administrations concerned 
has found it necessary to make cambered 
sections to facilitate drainage. 

However in certain marshalling yards, the 
level of the outer tracks of the main shunt- 
ing yard has been lowered in comparison 
with the level of the central tracks to com- 
pensate for the resistance of the curves run 
through by the wagons directed onto these 
tracks; 


c) Levels of the 
shunting dead end. 
The level of the reception yard in rela- 


tion to the shunting hump may vary be- 
tween the two extreme figures, viz: 


reception yards and 


—a higher level due to the necessity 
to have a minimum counter-gradient 
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in front of the hump, to compress the 
springs of the buffers of the leading 
vehicles of the rakes being shunted 
and facilitate undoing the fastenings; 


a lower limit due on the one hand 
to the maximum push power exerted 
by the shunting engines used, and on 
the other by the average load of the 
rakes to be set back; the idea of 
maximum difference of level between 
the reception sidings and the hump 
which formerly was not considered to 
be of any practical value, must now 
be taken into account owing to the 
increase in the train loads or more 
exactly their linear load, and_ this 
consideration is of particular import- 
ance in the case of marshalling yards 
which have to shunt heavy mineral 
or coal trains. 


For example a locomotive able to exert 
a thrust of 12 t can push a 1500 t rake 
to a height of the order of: 


— 3.70 m when the rake consists of 20 t 

4-wheeled wagons; 

2 m when the rake consists of 30 t 

4-wheeled wagons; 

— 1.60 m when the rake consists of 40 t 
4-wheeled wagons. 


Given these relative levels, it is certainly 
desirable, so long as this does not lead to 
difficulties in the reception of the trains, 
to approximate as closely as possible to 
the upper limit in order to reduce the work 
required of the shunting engines and con- 
sequently the power costs, and to make it 
possible perhaps to use less powerful 
engines. When embankments have to be 
made for this purpose, the advantages 
expected and the additional cost must be 
balanced against each other, as these costs 
will increase in proportion to the number 
of tracks in the reception sidings, so that 
the value and financial returns from the 
building of the embankment are the less 
as the number of tracks in the reception 
yard is higher. 

As regards the level of the dead end 
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shunting and making up lines, similar 
considerations apply, as far as such opera- 
tions can concern heavily loaded rakes, 
which is rather exceptional. 

The arrangements to be recommended 
differ moreover according to the equipment 
of the hump; when the making up hump 
does not include a by-pass, the rakes to 
be made up have to be taken into the 
dead end line over the hump, and it is 
logical in this case to raise the level of 
the shunting dead end as far as possible; 
the cost of building an embankment is 
moreover relatively little as only the shunt- 
ing dead end lines are concerned. 

On the other hand when the hump 
includes a by-pass, the making up opera- 
tions consist in shunting the rakes from 
the sidings to the shunting dead end, then 
from the dead end up to the top of the 
hump; in this case it appears advisable 
to make the level of the shunting line half 
way between that of the yard and the top 
of the hump. 


13), 15) Section of the lead in to ‘the 
shunting and making up groups of sidings. 


The capacity and output of marshalling 
yards depend to a large extent on the 
output of the shunting and making up 
areas, which constitute its vital part. The 
structure and equipment of these areas 
must therefore be studied in order that 
the gravity shunting carried out there can 
take place regularly at a fast rhythm. 

The determination of the height of the 
humps and the sections is a fundamental 
factor of these studies, and without going 
into details of the theory of dynamics of 
the wagons set in motion by gravity, the 
principles of which are well known, we 
will merely recall certain essential data: 


a) wagons left to themselves, after 
running over the hump, under all ci- 
cumstances (cold weather or head wind) 
must be travelling fast enough to reach 
their destination line and catch up with 
the wagons already shunted in order to 
avoid any further « pushing up > in the 
shunting sidings. 
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This condition requires the « average 
gradient » of the lead in to the yard 
calculated between the summit of the hump 
and the proper crossing of the destination 
track to be at least equal to the maximum 
coefficient of resistance to running of the 
wagons which can normally be counted 
upon, this coefficient of resistance varying 
moreover from yard to yard, according to 
the climate and siting of the lead in tracks 
compared with the prevailing winds; 


b) the average gradient of a lead in being 
fixed, it is possible to deduce the height 
of the fall (difference in level between the 
hump and the proper crossing of the group 
of sidings) in terms of the length of the 
lead in. But as this height of fall is too 
ereat for smooth running wagons, their 
excess energy must be absorbed by means 
of brakes. 

The value of having short lead ins to 
the tracks can again be stressed here, since 
it makes it possible with a given maximum 
average. gradient to reduce the height of 
the fall and consequently make use of less 
powerful brakes; 


c) the section of the lead in tracks should 
be « hollowed out » or in other words steep 
slopes on leaving the hump in order to 
make the wagons run faster; this makes 
it possible : 

— on the one hand, to increase the 
spacing of the wagons and conse- 
quently facilitate the working of the 
points and crossings between wagons; 

— on the other hand to reduce the risk 
of wagons catching each other up, the 
gap in the time taken by smooth 
running and poor running wagons 
decreasing with the average speed of 
running of the wagons. 

This very diagrammatic report shows 
that the characteristics of the average 
eradient, height of the drop and power 
of the brakes are closely interconnected, 
and it is owing to the use of very powerful 
track brakes that it has been possible to 
make shunting humps with a satisfactory 
average gradient. 
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On the other hand, in yards only 
equipped with skid brakes, which are 
relatively less effective, it is necessary to 
iimit the height of the hump and con- 
sequently put up with the resulting draw- 
backs: shorter run for the wagons, slower 
shunting rhythm, etc. 

For this reason we will examine sep- 
arately from the point of view of the sec- 
tion, the lead in tracks fitted with track 
brakes and those where only skid brakes 
are used, 


Lead in tracks with track brakes. 


Owing to the high cost of track brakes, 
the Administrations concerned have only 
used them up to the present in shunting 
areas; the only exception is the Bale (Swit- 
zerland) yard where the lead in to the 
making up area is fitted with two track 
brakes, 


An examination of the plans of the 
various yards concerned (24 in all) shows 
that the constructional characteristics are 
very similar (Fig. 23). The average 
gradient of the lead in track varies accord- 
ing to the case between 


12 18 
1 000 1 000° 
As for the section, this includes in 
general : 
— a steep starting gradient varying be- 
60 
tween = and ——-; 
1 000 1 000 


— an intermediate gradient varying be- 
i D 
PUI a and T0008 at the end of 
which are sited the track brakes; 
— a semi-level section between the track 
brakes and the proper crossings vary- 
D 


ing between 0 and ——. 

1 000 
These arrangements in conjunction with 
appropriate devices to enable the points 
and crossings to be operated quickly (see 
Heading V) makes it possible to achieve a 
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high shunting rhythm, in practice of the 
order of 6 to 8 wagons a minute. 

As regards the profile of the part of the 
lead in track situated below the brakes, 
we should in order to reply to point 15 
of the questionnaire, define the view of 
the Administrations : 

In theory it is better to have 1 level 
section for some hundred yards after the 
proper crossings; the brakesman in this 
way is obliged to let the wagons attain 
an appreciable speed on passing the brake 
and the risk of wagons catching each other 
up below the brakes is in consequence 
reduced. 

This arrangement is systematically used 
in Italy and Switzerland. 

On the other hand Holland states that 


5 
they provide a slope of to compensate 
y Pl ye 1.000 2 


the resistance due to the curves of the 
switches. 


As for France, all the possible solutions 


2.5 
have been tried: level, gradient of 
i 1.000 
5 
eradient of . 
gradient o fro0n 


The different experiments carried out by 
the S.N.C.F. have proved that when a 
slight gradient is provided, there is no 
fear of a wagon stopping or running too 
slowly near the switches owing to unsuit- 
able braking. But the Operating Depart- 
ment considers that on the whole it is 
better to have a level section, with the 
reserve that carefully chosen, well trained 
brakesmen are available. 


Lead in tracks without track brakes. 


In lead ins where the braking is assured 
by means of skids, the « average gradients » 
12 
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These profiles (Fig. 23) are easier than 
in the case of yards with track brakes, 
because the skids have a low braking 
capacity; the reduction in speed which they 
can bring about is only appreciable in the 
case of low speeds therefore. 


‘These arrangements are suitable for lead 
ins to marshalling sidings where the gravity 
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Fig. 23. — Profile of the lead ins 


shunting operations are real shunting opera- 
tions; this is so in particular in the case of 
yards where simultaneous marshalling is 


practiced, the starting gradients being 

reduced to to enable the complete 
1 000 

rakes to run up to the counter-hump 


without using the by-pass. 
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But in making up areas where the marsh- 
alling does not involve long wagon runs 
(individual making up of rakes by shunt- 
ing the different lots to the end of the 
line) or where large sections are dealt with 
whose average running coefficient is never 
as poor as that of a single wagon (rectifica- 
tion of the composition of through or 
semi-through trains) the average gradient 


Palier sur 100m. 


49.0025 pm _ 


: a) with track brakes; 6) without track brakes. 


of the lead in track can be reduced to 7000 


or even less, according to the direction 
and climatic conditions. 

To conclude the examination of the ques- 
tions asked about the profile, we might 
add that no Administration has found it 
necessary to modify the height of the hump 
according to the season of the year, whether 
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for shunting humps, which are generally 
equipped with track brakes, or for mak- 
ing-up humps; whereas, on the other hand, 
Holland reports that in the near future 
all their goods wagons will be fitted with 
roller bearing boxes; the considerations 
relative to the establishment of the 
optimum profile will therefore lose much 
of its value for the Netherlands Railways, 
the difference in the running of different 
wagons becoming much less marked as a 
result. 


On the other hand it must be pointed 
out that dealing with Dutch wagons in 
the marshalling yards of other railways 
will lead to an increase in the different 
times taken by smooth and poor running 
wagons, which will certainly have its 
drawbacks. 


14) Limits of the gradients and radii of 
the transitions in profile. 


To enable the lead in tracks to be 
constructed with the optimum profile, the 
Departments in charge of the designs must 
be subjected to as few restrictions as pos- 
sible, as regards the study of the profile. 

In this connection it may be recalled 
that on leaving the humps, steep gradients 
reduce the risk of smooth and poor rolling 
wagons catching each othe: up; in addi- 
tion the radius of curvature of the hump 
(convex curves) should be as small as pos- 
sible so that the wagons can reach the 
steep starting gradient after a short run. 

Finally, changes of profile in the lead 
ins to sidings should be sited on the inside 
of the turnouts, i.e. between the rigid and 
undeformable parts of the points and cros- 
sing; for this purpose, the transition curves 
in profile (concave curves) should be small 
and consequently of small radius. 


However, the constructional conditions 
of locomotives, especially the suspension of 
the wheels, makes it necessary to limit the 
radius of the curves in profile in order 
to obviate risk of derailment, and the 
restrictions imposed in France and Swit- 
zerland are stricter for train engines than 
for shunting engines. : 
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On the other hand, the minimum radius 
of the convex transitions should be deter- 
mined in such a way as to permit of the 
normal passage of bogie wagons and long 
low loaders. 

Finally, as regards the maximum gra- 
dients, it is necessary to take into account 
the variations in the water level in the 
boilers of steam locomotives, to prevent the 
top of the firebox being uncovered on steep 
gradients. 

Table 2 sums up the replies from the 
Administrations concerning the limiting 
conditions imposed in this connection in 
the construction of their installations. 


KKK 


IV. — THE BRAKES. 


Most of the Administrations concerned 
do not make use of distance operated skids 
to brake the wagons wholly or in part. 

Only France has certain installations : 

— either to equip certain large marsh- 
alling yards built before track brakes 
were invented; 

— or more recently to equip average 
sized yards, the capacity and output of 
which do not justify the large capital 
investment involved with track brakes. 


The French equipment is of well known 
INAS (Na tees = 

— the Deloison brake: skid operated by 
means of a cable transmission with 
electric motor: the braking may be 
over 30 m (98'5 1/8”), but only the 
leading pair of wheels of the rake is 
braked; 

— the Farenc brake: skid placed on the 
rail by an electric motor and restored 
to its initial position by a powerful 
spring. The braking path is short : 
about 6 m (19'8 1/4”), but the skid 
can operate on several pairs of wheels 
of the same rake in turn, about one 
in three. 


(1) See the Report by Messrs PELLARIN and 
FARENC in the December 1929, Congress Bul- 
letin. 
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The working of this equipment is satis- 
factory, but their maintenance is difficult 
and rather costly; it would appear that in 
the present state of knowledge and taking 
into account the constant increase in 
wagon loads, braking mechanism based on 
skids is insufficiently powerful and _ too 
fragile if they are to be used other than 
as temporary or supplementary equipment. 


We think therefore the fact should be 
stressed that the problem of braking in the 
secondary marshalling yards as well as in 
the making up areas of large yards is not 
yet solved; in general the braking is assured 
by means of hand operated skids, and it 
would be a good thing to draw the atten- 
tion of designers to the great value track 
brakes of a lower power that were eco- 
nomical both as regards first cost and main- 
tenance would have in the case of such 
yards. 

However in the following pages we will 
only deal with power track brakes; as these 
are the only ones used in the shunting 
areas of the large modern marshalling yards 
of the Administrations who replied to the 
questionnaire. 


16) Site and function of track brakes. 


In all installations equipped with these 
brakes they are sited about the middle of 
the lead in to the sidings on the common 
sections giving access to the 8 to 10 track 
groups. 

In principle therefore there are 4 brakes 
for the lead in tracks when there are 
30 tracks, which is the most usual case. 


These brakes must be sufficiently power- 
ful to stop the wagons if needs be before 
they leave the installation, and _ their 
normal function is: 


— on the one hand to bring to a stop, 
i.e. let the wagons being shunted run 
at a speed just sufficient to reach the 
wagons already standing on the track 
they are going to; 

— on the other hand to assure the space 
braking, i.e. regulate the speed of the 
wagons to prevent any danger of them 
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catching up with each other near the 
switches below the brake. 


This risk is not very great and can only 
occur if two successive wagons are intended 
one for a full track and the other for 
an adjoining empty track; the object of 
limiting the number of tracks with track 
brakes and making them extremely short 
is to reduce this work to an acceptable rate, 
compatible with the high speed at which 
the shunting operations are being carried 
out. 

An installation of this type is sometimes 
completed by a hump brake sited at the 
foot of the hump which can be used to 
cover various functions. 

The hump brake can be used to space 
the wagons on the section between the 
hump and the main brakes if, taking into 
account the rhythm at which the shunting 
is to be carried out and the characteristics 
of the installation, it is feared that the 
wagons will catch up with each other before 
they reach the main brakes. 

In this case it is necessary to slow down 
the wagons which are thought to be free 
running (loaded flat wagons for example) 
which follow immediately after wagons 
thought to be poor running (empty covered 
wagons for example), but it is obvious 
that the efficacity of this spaced braking 
depends to a large extent on the judgment 
of the brakesman. 

The hump brake can also be used syste- 
matically in the summer to brake all wa- 
gons without distinction in order to absorb 
part of the excess speed given them by 
the hump; this idea will make it possible 
to reduce the power and consequently the 
length and cost of the main line. 

In fact, out of the 29 large marshalling 
yards, plans of which were sent to us, only 
5 French yards were equipped with hump 
brakes. 

17) Number of brakesmen and site of the 
control boxes. 


When track brakes first made their 
appearance in Europe, it was considered 
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that the brakesman could only operate 
two track brakes and it was necessary to 
provide two men for the classical arrange- 
ment of 4 brakes on the main line. 


This idea is still adhered to in Holland 
in new marshalling yards; at the present 
time they have no shunting yards equipped 
with 4 track brakes, but they consider 
that with such equipment the control box 
should be sited in the centre of the yard, 
so that each brakesman can have an unin- 
terrupted view of the two brakes in his 
charge (Fig. 24). 

On the other hand, in France, Italy and 
Switzerland, it is now thought that the 
4 brakes can be operated by a single man 
whose box is then sited at the side of the 
yard so that he can see all the equipment 
(Fig. 25); experience has proved that a 
single brakesman will not have any diffi- 
culty due to the distance at which some of 
the brakes are from him, and he can carry 
out all the braking operations necessary 
for a working speed of 6 to 8 wagons a 
minute. Everything possible is done to 
facilitate his work, especially to make sure 
that he is kept informed of the destination 
of the wagons being shunted. 


As regards the hump brake, the man in 
charge of this generally has a small hut 
beside it, the hut being raised up in most 
cases so that he sees what is in the wagons, 
opens and flats. 

18) and 19) Supplementary hand braking. 

The efficacity of the track brakes depends 
to a large extent upon the skill of the 
brakesman, who has to judge the distance 
the wagon has to run, i.e. take into account 
the occupation of the tracks, so that he 
stops braking the wagons as soon as he 
thinks their speed has been sufficiently 
reduced. 

Mistakes can be made and the resulting 
consequences differ according to whether 
there is too much or too little braking. 

In the first case the wagon stops too 
soon, and a shunting engine has to be used 
to make up for the mistake; in the second 
case the wagon will crash into the station- 
ary wagons, and this may result in too 
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severe a shock which will damage the stock 
and especially the goods being carried. 

From the commercial point of view only, 
it is essential to avoid any shocks likely to 
damage the goods being carried, and all 
the Administrations consider that for this 
reason it is necessary to have supplementary 
braking, carried out by means of skids 
operated by men distributed over the lines 
of the shunting yards. 

Generally, the skids are kept on the rail 
until the wagon is brought to a standstill, 
and no device is provided to remove them; 
the brakesmen take advantage of the slip- 
ping back of the wagon when it stops to 
remove the skid. 


The facts outlined above show the dif- 
ficulties of the brakemen’s task. 

The proper working of a marshalling 
yard from the point of view of its output 
and correct user of the lines with the 
minimum of shunting and damage depends 
to a large extent on their skill. It is 
necessary to select and train the brakesmen, 
but it is also necessary to facilitate their 
work by amaking it possible for them to 
decide with some degree of certainty the 
speed required for each wagon after 
braking. 

If the braking can be more regularly 
carried out by the brakesman so that the 
wagons always come right up against the 
preceeding wagons but sufficiently slowly 
to make sure there is no danger, the quality 
of the service can be improved whilst at 
the same time reducing the number of 
brakesmen required to keep up with the 
work, 

For this reason it would be desirable to 
have equipment making it possible, as 
defined under question 22, to determine 
the amount of braking required by each 
wagon in terms of its rolling characteristics, 
speed, and route. 


None of the Administrations have any 
such equipment; only France is interested 
in this problem; after having invented an 
automatic installation, based on mechanised 
skid brakes (apparatus R) which was des- 
troyed and has not been repaired, she has 
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undertaken the preliminary studies in con- 
nection with yards equipped with hand 
brakes, but nothing has yet been put into 
use. 

20) and 21) Characteristics of the track 
brakes used. 

The track brakes used are of three types : 
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modifications of design intended to im- 
prove its regulation and working, especially 
when very different widths of tyres are in 
use. 

The Froelich and Saxby brakes are 
based on the same principle: the drive is 
hydraulic and the braking can be applied 


Froelich (France, Italy, Holland and gradually; at its limit, the braking action 
Switzerland) : 10 installations in service; is proportional to the weight of the wagon. 
Fig. 24. — Brake post inside the lead in. 

— 
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Fig. 25. — Brake post at the edge of the lead in. 


Saxby (France) : 1 installation in service; 

Westinghouse (France) : 11 installations 
in service. 

A diagrammatic description of these dif- 
ferent types of brakes is given in Appen- 
dices 4, 5 and 6; in particular we thought 
it of interest to give details of the Froelich 
brake although this was in use before 1930, 
as since that date it has undergone certain 


On the other hand the Westinghouse 
brake is an electro-pneumatic brake and 
acts independently of the weight of the 
wagons; for this reason its structure is 
relatively simpler and it does not take so 
long to put it in place or replace it, merely 
a few hours, which is a considerable advan- 
tage for the Operating Department; how- 
ever the consumption of power is definitely 
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higher. Experience of the Westinghouse All these types of brakes react 43 se 
brake has proved that it is possible, with- control within a very short time, about 
out serious inconvenience, to make use of or 2 seconds, which has never led to any 
brakes which are independent of the weight criticisms. 

of the wagons as though sometimes wagons Cold has no effect on the braking effect 
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Fig. 26. — Lighting by projectors at the end of the yard. 
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Fig. 27. — Lighting by projectors at the edge of the yard. 


may lift slightly owing to an excess of brak- of these brakes: but France reports that in 
ing, no derailments have been recorded. spite of the use of anti-freeze products the 
Finally, only Westinghouse brakes can hydraulic pipes of the Froelich and Saxby 
be divided up into two or more sections brakes have to be heated if they are not 
electrically insulated; to enable the instal- below ground as soon as the tem 
lation of short lengths of insulated rails falls below == 1” (Cy 
such as are required for example with As regards the braking power, this is 
automatic shunting (see Heading V); but generally independent of the thickness of 
up to the present it has not been found the _tyres braked, as far as the standard 
necessary to make use of this property. stock of the European Administrations is 
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concerned at any rate; Italy reports how- 
ever anomalies in the braking for tyres 
with a thickness of between 130 and 
135 mm (51/8” and 521/64”); France has 
experienced certain difficulties, which have 
however been remedied, but solely in the 
case of wagons fitted with narrow 126 mm 
(461/64”) tyres made in England which 
do not meet the standards of the R. I. V. 


The effectiveness of the brakes is dimi- 
nished either by wet weather, or owing to 
the presence of lubricants on the wagon 
wheels: paint, grease, etc. 

The normal braking power ('), transla- 
ted into height of drop absorbed by metre 
of brake, is of the order of : 


— Froelich brakes , O27 
— Saxby-Marchais brakes . 0.22 
— Westinghouse brakes : 

4 wheeled wagons weighing 30 t 

in all et tierra gee (019 

4 wheeled wagons weighing 40 t 

in all bloom ols. ate fe UES 

8 wheeled wagons weighing 70 t 

in all 0.11 


This shows that though the power of the 
Westinghouse brakes is about the same as 
that of the other brakes in the case of 
ordinary wagons, it becomes appreciably 
less in the case of very heavy wagons, which 
are however exceptional; for this reason 
the length of the brakes used is generally 
greater: 23 m (75'51/4”) for the Westing- 
house brake with two parts which can be 
worked separately, compared with 14 to 
Wem (25 117 topo) 9 1/4°)* tor the Froelich 
and Saxby-Marchais brakes. 

The length of the Westinghouse brake 
gives the brakesman greater latitude in 


() It should be noted that the braking power 
of track brakes depends upon the height at 
which the jaws fasten upon the wheels and 
consequently upon the construction gauge of 
the underparts of the rolling stock; the U.I. C. 
should undertake an investigation into this 
subject in order to raise this gauge in the case 
of future wagons, but its efforts will only 
bear fruit in the distant future. 


BULLETIN OF THE INT. RAILWAy ConcrREsSS ASSOCIATION 


393/31 


regulating the speed of the wagon in the 
brakes, but on the other hand involves 
extending the shunting Jead in. 

23) Expenses relative to the installation 
of the brakes. 


The replies received are summed up in 
Table 3; we will not make any comment 
upon them, owing to the important dif- 
ferences as regards evaluation, which must 
be due to a large extent to different stand- 
ards in determining the cost price. 
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V. — CENTRALISED CONTROL OF 
THE MARSHALLING POINTS AND 
CROSSINGS. 


In large marshalling yards the conditions 
under which the points and crossings are 
worked differ according to the kind of 
siding groups. 

The points at certain lead in tracks may 
be worked at site, either because the move- 
ments are few in number and would not 
justify the construction of a box (lead ins 
to the connecting tracks, or departure 
tracks), or because the men already work- 
ing there can without inconvenience be 
charged with working the switches; for 
example in the case of points and cros- 
sings on the hump side of the lead in to 
the reception sidings. 

But in other cases the points and cros- 
sings are generally working from mech- 
anical, electrical or pneumatic boxes. 

We will deal specially here with the 
centralised control of the points and cros- 
sings by motors. 

The motorisation of the points and cros- 
sings has a great many advantages; it makes 
it possible to extend the sphere of action 
of the boxes, and above all to speed up 
the work because it does away with all 
physical effort in working the levers and 
the pointsman does not have to do much 
moving about as all the control buttons 
owing to their small size can be grouped 
together on small panels. 

The motorisation of the points and cros- 
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sings is of the greatest interest as far as 
the shunting zone is concerned, and has 
been almost systematically applied; the 
arrangements made for the construction in 
plan and section of the shunt lead ins in 
order to improve the conditions under 
which the wagons circulate and conse- 
quently the output would not have 
amounted to much if at the same time 
some way had not been found to facilitate 
and speed up the work of the pointsmen 
who, when mechanised boxes are used, can 
not normally work at a greater speed than 
3 or 4 wagons a minute. 


24) a) Characteristics of working the 
points and crossings by motor in shunting 
yards. 

The motors working the points and 
crossings of the shunting yard should work 
very fast; it is essential that the time taken 
to reverse the switch be practically instan- 
taneous, so that the pointsmen can without 
hesitation order a switch to be reversed 
even when a wagon being shunted has 
practically arrived at it. 

For this purpose all the Administrations 
make use of electric point motors which 
take between half a second and a second 
to act. 

As the shunting yards frequently have 
to deal with various types of movements : 
putting engines at the head of trains, train 
departures, shunting to withdraw wagons, 
shunting into marshalling sidings, etc., it 
is desirable that the points can be run over 
in both directions, even when they are not 
in position, and, when this is the case, 
running through them in the reverse direc- 
tion automatically reverses them. 

Motors meeting these conditions are 
known as reversible; their use prevents : 


—on the one hand damage to the 
motors when a switch is run through 
in the wrong direction; 

— on the other hand, the risk of trains 
or shunted rakes becoming derailed 
when in reversing they run back on 
a switch that they have just run 
through in the wrong direction. 
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Finally, provided steps are taken to meet 
any possible failure of the electric supply 
(batteries or standby sets) it is necessary, 
in order to avoid having the whole marsh- 
alling yard put out of action should any 
breakdown in the supply occur, to fit hand 
operated levers at the points; these levers 
can be: 


— either dependent upon the motor and 
rapidly put into work through the 
meshing of a clutch lever (the most 
convenient solution for the Operating 
Department, but the most expensive) ; 
or independent of the motor and put 
into use by the maintenance staff after 
the motors have been uncoupled. 


24) b) Insulated rails at points and 
CrOSSINES. 


When it is considered necessary to 
prevent the switches being worked prema- 
turely when a wagon is passing over them, 
pedals and more generally insulated rails 
are used, the occupation of which cuts off 
the points motor electrically. 

Insulated rails must start well before the 
points of the switches, the length being 
such that the wagons can never reach the 
point of a switch the direction of which, 
operated at the last minute, is not yet 
completed. 

In addition the length of the insulated 
rails, which it is desirable to reduce to the 
minimum, making if needs be insulation 
breaks in the track equipment, must be 
at least equal to the wheelbase of the 
longest wagons, ie. 12.50 m (41’ 3/16”) in 
practice for the current rolling stock of the 
European Railways. 

The result is that in order to work a 
switch between two wagons, the spacing 
of the wagons must be more than 12.50 m, 
and this minimum space generally makes 
it possible to eliminate all risk of the 
wagons catching each other up_ before 
reaching their proper turn out. 

However, when the minimum space of 
12.50 m required for the use of insulated 
rails is considered unacceptable, it is pos- 
sible to get over this drawback by the 
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use of photo-electric cells. In up-to-date 
French marshalling yards, the first shunt- 
ing switch is always fitted with a photo- 
electric cell. 

‘The insulated rails or similar devices 
(pedals, cells) do not merely prevent derail- 
ments Owing to the switches being worked 
prematurely; they also considerably faci- 
litate the work of the pointsman, as they 
make it possible for him, when two suc- 
cessive wagons are running towards the 
switch, to prepare the movement of the 
switch for the second wagon before it has 
been cleared by the first wagon. 


The movement is blocked by the occupa- 
tion of the insulated rail, but will take 
place as soon as it becomes unoccupied, 
which in practice gives a sort of pre- 
selective operation of the switch. 

However, it has been found that what- 
ever improvements may be made to the 
installations for working the switches, the 
shunting output is limited to a certain 
ceiling, which corresponds to the practical 
speed at which the pointsman can continue 
to work under the special conditions in 
which he finds himself, which require him 
to keep a check simultaneously on the 
running of several wagons and to work 
the switches at the right moment, keeping 
in mind all the time the different destina- 
tions to which the different wagons are 
to be sent. 

In this connection, experience has proved 
that in a shunting yard where all the 
switches are motorised but worked indivi- 
dually, a pointsman in practice cannot 
exceed an output of more than 5 or 
6 wagons a minute. 


25) Automatic control of the shunting 
switches. 


To obtain a higher output, it becomes 
necessary to reduce the time the pointsman 
takes to react and consequently arrange 
for the automatic control of the shunting 
switches when the control will no longer 
be carried out individually by switches 
but by routes. 

In_ general each 


such control affects 
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wagon as soon as it gets over the hump, 
and the working of the switches then takes 
place automatically at the proper time, the 
running of the wagons being controlled by 
means of insulated rails or other similar 
devices. 

In addition individual control handles 
for each automatic switch are provided for 
the use of the staff (pointsman or brakes- 
man) to enable them to: 


— intervene for exceptional reasons dur- 
ing shunting, to rectify at the last 
minute the route of the wagons or to 
make good any failure of the auto- 
matic control; 

— or, outside shunting times, to carry 
out shunts or other movements on the 
lead in to the sidings. 


There would not be much point in 
describing here the different types of equip- 
ment which have, been invented to give 
automatic control of the shunting switches, 
but on the other hand, we must insist upon 
certain aspects of their design which may 
affect operating conditions. 


1. — The control of each route is assured 
the moment the wagons passed over the 
hump and the routes are registered by the 
equipment and remain registered until the 
wagons in question have passed the last 


switch with automatic control on their 
route. 
The automatic control apparatus for 


shunting switches must therefore be able 
to register at a given minute the same 
number of routes as there may be wagons 
in circulation from the top of the hump 
to the end of the automatically controlled 
switches. 


2. — Certain Administrations (Italy, Hol- 
land, Switzerland) complete this automatic 
control of the switches by a route booking 
device which makes it possible to prepare 
in advance the routes for all the lots of 
a rake to be shunted (generally about 50); 
the routes are then controlled and 
registered automatically as soon as each lot 
passes over the hump. 
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The use of such booking devices pre- 
supposes that the waybills of the trains 
are always correct and in particular that 
no change in destination is to be made 
normally during shunting; on the other 
hand they appear to be of value for the 
Operating Department when they make it 
possible to save a man, i.e. when the oper- 
ating conditions are such that it is not 
necessary to have a man at the hump to 
carry out other duties. 


3. — If two successive wagons catch each 
other up in the automatically controlled 
switch area, the equipment will work nor- 
mally for the destination route of the 
first wagon; but although the route of the 
second wagon has not been completed, it 
is desirable that this route be automatically 
cancelled by the equipment. 

When the automatic control of the 
switches does not do this, it is necessary 
for an employee to intervene to cancel the 
route of the second wagon and thus prevent 
mistakes in the working of the switches 
for the following wagons (point 26 of the 
questionnaire) . 


4. — Extent of the automatic switch 
control area. Certain Administrations 
(italy, Holland, Switzerland) have merely 
applied automatic control to the first two 
or three stages of the switches in the shunt- 
ing yard, and retained manual control for 
the following switches (the last two or 
three stages). 

They consider that if automatic control 
is a particularly paying proposition for the 
switches at the lead in to the yard where 
more than 80 % of the routes divide up, 
it is not so in the case of the rear switches, 
the number of which is much higher; they 
add that there is no inconvenience from 
the point of view of the output in keeping 
a pointsman to operate the last switches 
by hand, as owing to the much fewer num- 
ber of shunts which he will be responsible 
for, this pointsman can follow the highest 
output of wagons (from 6 to 8 a minute) 
made possible by the automatic operation 
of the first switches. 
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In France on the contrary it is considered 
better to extend automatic control to all 
the shunting switches, not in order to 
obtain a higher output, but to profit by 
the saving made by doing away with points- 
men altogether. This Administration also 
points out that in any case automatic con- 
trol is not very costly as the switches have 
in any case to be equipped with insulated 
rails if a high output is to be achieved 
together with a satisfactory standard of 
safety; Italy is also preparing to put into 
service an installation of this type at 
Bologna. 

On theory alone it is difficult to decide 
between these different solutions, and we 
think it is for each Administration to draw 
up a financial balance sheet for the two 
solutions, taking imto account the charac- 
teristics and cost of the automatic control 
equipment used; we wish to stress the fact 
however that equipment that does not meet 
the requirements of point 3, i.e. which does 
not automatically carry out the registered. 
routes of wagons which catch each other 
up make it necessary by their very prin- 
ciple to retain a pointsman. 


27) Brake and switch posts. 


Generally, the brake and switch posts of 
new marshalling yards are sited at the lead 
ins to the yards they control (see _par- 
agraph 17 for brake posts). 

However certain Administrations site 
their switch boxes in the centre of the 
lead in to the tracks, especially when the 
latter are very extensive, in order to give 
the pointsmen a better view of the whole 
of their working area. 

Applications of this formula, which is 
of rather exceptional character, concern : 


— Holland: shunting yards when the 
switches below the brake are worked 
by a pointsman; this man works in 
the building provided for the two 
brakesmen in the centre of the yard 
near the brakes (Fig. Zaye 


— France : certain marshalling yards, the 
corresponding switch posts being scat- 
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tered, can be occupied by one or two 
pointsmen as required according to 
the time of working. 


All the Administrations raise up the 
signal boxes so that the brakesmen and 
pointsmen can see the whole field of work 
even when there are wagons on the lines 
nearest the boxes; they also endeavour to 
improve the visibility by siting the boxes 
on the best side of the lead in to the tracks 
from the point of view of orientation and 
by making such buildings with large bay 
windows and sun blinds. 


We must also stress : 


a) that the lever 
should be sited as 
possible; 

b) that it is desirable, when an unob- 
structed wall can be arranged, to have a 
cantilever roof, without any support on the 
three glazed sides; in this way there is no 
obstacle in the brakesman’s vision apart 
from the window-framing; 


table or framework 
near the windows as 


c) the inside lighting at night must be 
specially studied, so as not to make it dif- 
ficult to see what is going on outside; the 
general inside lighting, during working 
hours, should in principle be less than the 
lighting of the yard outside the employee's 
control. 

kK 


VI. — THE CONNECTIONS. 


The equipment of an up to date marsh- 
alling yard should include a fool proof 
system of correspondance and communica- 
tions making it possible to give instructions 
rapidly and transmit orders or working 
papers. 

a) Communication between boxes. 

The basis of this system is the telephone 
system between the various fixed boxes : 
offices, signal and brake boxes; this tele- 
phone system generally includes a manual 
or automatic exchange, which is sometimes 
completed by certain special lines : 

— special lines making it possible for 

the staff in charge of the shunting to 


Se 
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get in touch with the different marsh- 
alling posts as well as the Office, 
Maintenance and Staff Departments 
direct, for example by means of spe- 
cial circuits with selective relays; 


— direct lines between signal boxes 
assuring safety communications by 
priority. 


Some of these lines can be replaced by 
internal lowd-speakers when employees have 
to exchange many messages during their 
work; this makes it unnecessary for them 
to use the telephone and hold the receiver 
in their hands. 

The use of internal loud-speakers is 
general for example in communications 
between the shunting hump and the bra- 
kesman and pointsman as required; it is 
sometimes also used in the making up area. 

Certain Administrations have also in- 
stalled loud-speakers to give communica- 
tion between those in charge and _ the 
busiest parts of the yard. 


b) Communications between the boxes 
and the men out in the yard. 
Lonz distance conversations between 


the boxes and the men out in the yard are 
generally carried out by telephone. 

When, as is most frequently the case, 
orders have to be given by the boxes, the 
staff are called to the telephone by power- 
ful bells or klaxon horns; but when orders 
have to be given frequently, outside loud- 
speakers are used to prevent any delay in 
the work. 

The outside loud-speakers are considered 
very satisfactory from the point of view 
of power and clearness. The only obstacle 
to their use is the nuisance caused to 
adjoining premises. 

The use of such equipment is more or 
less general for the transmission of orders 
from the hump box and brake boxes to the 
men charged with sending back the wagons, 
and they are supplemented by the use of 


the ordinary colour light signals formerly 
used. 
Finally, when much less frequently, the 


outside staff have to talk to the boxes, they 


398/36 


have to go to a telephone, and so far no 
need has been found to instal such equip- 
ment as the talk-back speakers sometimes 
used in America which include very sen- 
sitive microphones recording out in the 
open words spoken several dozen yards 
away. 

It should also be noted that technical 
progress made during the war now makes 
it possible to equip boxes with portable 
short-wave wireless transmitters (1.90 m) 
with a radius of action of about one kilo- 
metre, which weigh less than 3 kg, includ- 
ing the aerial and batteries; such equip- 
ment would appear to be very useful and 
certain Administrations are interested in 
it, though the practical application thereof 
has not yet been achieved. 

France, for example, is considering faci- 
litating the work of the markers off which 
is particularly hard and disagreeable during 
bad weather, by giving the information 
about the trains to be shunted by radio- 
announcement. 

The safety of men working amongst the 
tracks makes it impossible to provide them 
with earphones and it is necessary for them 
to have a small loud-speaker, which gives 
rise to certain difficulties. 


c) Communications between the shunt- 
ing posts and the shunting engines (). 


Communication between the men shunt- 
ing or making up the trains and the drivers 
of the shunting engines is normally assured 
by mechanical signals or preferably light 
signals, which are generally worked by the 
man in charge of the hump. 

‘These signals order the driver to run 
back or stop; in recent installations they 
also give such indications as speed up and 
slow down so that the speed at which the 
rakes are backed can be regulated at all 
times according to the desired 
working. : 


rate of 


(') None of the Administrations concerned 
has found it necessary up to the present to give 
communication by radio between the control 
post and drivers of engines carrying out the 
work and the other duties. 
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To make it easier for the drivers to see 
them, the shunting signals are repeated at 
several points along the shunting lines and 
the changes of signal are generally accom- 
panied by an acoustic signal (klaxon 
horn). 

When shunting is being done with two 
engines working in turn, it is often neces- 
sary to double the signals. 

As regards the aspect of the light signals, 
coloured lights can be used if these will 
not confuse the drivers of locomotives on 
adjacent main lines, or otherwise multiple 
white lights, the code being based on 
various combinations of position. 

Amongst the Administrations who re- 
plied, Italy and France have carried out 
trials of communication by radio between 
the hump and the driver. Italy has 
installed a unilateral installation at Milan, 
with a wave length of about 2 m. 


In France, an installation of the Tele- 
funken type with waves guided by aerial 
circuits set up in the area in which the 
engines work was put into service at 
Bourget before the war and is still working. 

Since the war, however, radio com- 
munication equipment, manufactured in 
America or France, has been tried out in 
a dozen marshalling yards: some of them, 
being unilateral, only enable the chief 
shunter to give orders from the hump to 
the engine driver; other more complicated 
types, being bi-lateral make it possible for 
them to talk to each other, and in parti- 
cular enable the drivers to acknowledge the 
orders received. The latter type of equip- 
ment has proved of greater value and use- 
fulness in practice. 

The wave lengths used are very short, 
of the order of 1.80 m:; the frequency 
varies according to type between 159 and 
166 MHZ. 

The power on the locomotives is supplied 
by a converter fed by : 


— either an accumulator on diesel loco- 
motives; 


— a special battery charged by a turbo- 
dynamo on steam locomotives. 
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Most of the installations are so designed 
as to be able to work on several frequencies 
which are pre-regulated and stabilized by 
quartz, one frequency being allotted to 
each part of the yard: shunting, making 
up, etc. 


At each marshalling yard it is necessary 
to equip a fairly large number of loco- 
motives, at least as far as the aerial and 
current are concerned, so that an engine 
so equipped is at all times available in each 
part of the yard. Finally the radio equip- 
ment itself must be quickly replaceable, so 
as to assure the service working without 
interruption in case of a breakdown, the 
damaged equipment being repaired in the 
shops. 

The perfecting of the French equipment 
cannot yet be said to have reached its final 
stage, but it appears ready to enter into 
current use, so long as it is very carefully 
maintained in order to obtain perfect 
regularity of working. 

With an eye to the future, it would 
appear desirable for all the Railway 
Administrations to have wave lengths suit- 
able for use in the marshalling yard services 
allocated to them. 


d) Methods of handing over the shunting 
sheets and waybills. 


Only Switzerland makes use of pneumatic 
tubes to send the shunting sheets from the 
foreman to the men out in the yard; the 
other Administrations send all papers by 
employees; no mention was made of the 
use of aerial carriers nor of teleprinters. 


France stated that in principle cycle 
tracks 1.75 m (5'87/8") wide are arranged 
alongside the sidings, to enable the staff 
to carry papers rapidly by bicycle or motor 
bicycle, as well as light equipment such 
as the rear lamps for trains; whenever pos- 
sible, the width of these tracks is increased 
to 8 m (9'101/8”) to allow light trucks 
to be run on them to carry the heavy equip- 
ment of the linesmen or rolling stock 
department, or even the staff themselves. 
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VII. — LIGHTING OF MARSHALLING 
YARDS. 


The work carried out in marshalling 
yards makes it essential to have good light- 
ing to safeguard the men working among 
the tracks and to enable the work to be 
done properly; since up to date marshalling 
yards are designed to give a high output 
in the shunting and making up of trains, 
it is essential that the work can be done 
as well by night as by day. 


30) Characteristics 
lighting. 


required of the 


The needs of the Operating Department 
vary according to the different yards and 
even in different parts of the same yard; 
the lighting required depends in each case 
upon the frequency and nature of the 
operations carried out. 


For example in the departure sidings, not 
much light is required, since in practice 
the only work that has to be done is 
putting the rakes into position or the 
engine at their head. 


On the other hand in the reception, 
shunting and making up yards, many 
employees (markers out, inspectors, cou- 
plers, etc.) have to move about and work; 
although each man has his own lamp to 
light his work, it is also necessary to have 
some general lighting, to allow the men 
to get about and avoid accidents due to 
the presence of obstacle or the carrying out 
of the work. 


Finally, in the lead ins where work is 
very active, particularly in the shunting 
and making up yards, the lighting must 
be brighter; the wagons being shunted 
must be visible all the time, so that they 
can be seen both by the men in the boxes 
(pointsmen and brakesman whose sphere 
of action is often fairly extensive), and 
the men on the site (especially when there 
are no brakes, by the men who have to 
operate the skids at the lead ins tracks). 


These considerations have led the Admi- 
nistrations to set up lighting standards, 
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which are approximately the same in every 
case : 


France : 
lead ins to yards with brakes. 3 to 6 lux. 
lead ins to yards with skid 
brakes Si te) lupe. 
yard sidings ! t@ B lee 
Italy : 
lead ins to yards . 3 lux. 
yard sidings alias 
Holland : 
lead ins to yards with a high 
output s a o o S) ihues 
lead ins to yards with an 
average output 5 en Olu: 
area in which skid brakes are 
applied 5 lux. 
yard sidings Pees MOBS, 
Switzerland : 
lead ins to yards . 5 to 10 lux. 
yard sidings il Thue. 


Whatever the amount of lighting con- 
sidered, the lighting should be uniform 
and without any risk of direct or indirect 
dazzle; suitable transitions from one degree 
of lighting to another must be arranged so 
that there are no marked contrasts which 
can be a strain on the eyes, 

31) Types of lighting. 

In respecting the conditions outlined 
above, the services in charge of the light- 
ing installations must design an economic 
installation, both as regards first cost and 
operating costs. 

As the light output of lighting equip- 
ment increases with their intensity, the 
constant tendency is to make use of brighter 
sources of light placed at a greater height. 

In Switzerland, the lighting is assured 
by means of lamps sited throughout the 
sidings; the lamps of average power are 
carried on posts 10 or 15 m (32,9 3/4" “to 
ADT 20) hie ly, 

The same sort of arrangement has been 
adopted in Holland, but sodium lighting 
is used and has been found very satisfac- 
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tory. The advantages of this method of 
lighting are well known: higher luminous 
efficiency (lumen watt) than that of the 
best filament lamps in spite of a reduced 


electric power factor, non-dazzle, well dif-— 


fused, with soft shadows and penetrating 
well through smoky or foggy atmospheres. 

In general, however, the railways hesitate 
to make use of sodium lighting in marsh- 
alling yards for fear that the drivers may 
find it hard to distinguish the signals, 
especially the drivers on the adjoining main 
lines, owing to the yellow colour of this 
type of light. 

In an installation carried out in France 
at Vaires, the lighting is of the classic type 
with individual lights, but very powerful 
lamps have been used : 1 000 to 2 000 watts. 
The interest of this installation, from the 
point of view of first cost, lies in the fact 
that fewer supports are required, and con- 
sequently fewer supply lines, owing to the 
increase in the area lit up by each lamp. 

In general however France, Italy and 
Norway tend to use very bright lights 
placed at a great height (about 30 m 
= 98°51/8"). The pylons carrying the 
projectors are sited outside the track 
equipment (flood lighting). The first costs 
are thereby reduced to the minimum since 
each pylon can carry several projectors; the 
lights are localised in principle at the lead 
ins to the yards and owing to this the 
electric supply line circuit is particularly 
simple. 

Experience has proved that flood light- 
ing gives very satisfactory results, and 
though the lights are set at an angle, there 
is practically no dazzle; the defect of this 
system is that the central portion of the 
sidings are poorly lit, either because the 
lights are too far away (Fig. 26) or because 
their siting makes it impossible to avoid 
throwing shadows between the __ lines 
(Fig. 27). 

The slight drawback is however amply 
compensated by the lower first costs and 
above all by the elimination of the all 
lighting posts inside the yard, 
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Vill. — BUILDINGS AND- VARIOUS. 


Apart from the braking and switch posts, 
and their annexes, the following buildings 
are required in marshalling yards : 

a) working buildings : lamp depots, stores 
and tackles, offices for the foremen, etc.; 
and canteens 


b) cloakrooms, lavatories 


for the different employees: shuntsmen, 
markers, brakesmen, inspectors, section- 
men, etc.; 


c) administrative offices: offices for the 
managers, control posts, staff manage- 
ment, etc.; 


d) social buildings : medical and hospital 
services; room for the train staff, etc. 


The buildings of categories a) and b) 
used by the men of the different parts of 
the yard are spread over the yard to save 
useless coming and going, but are grouped 
together in each part to obtain economical 
and well designed units. 

On the other hand, apart from the rooms 
for the train staff which are sited in certain 
cases some way away from the yard so that 
the men can rest properly, the general 
tendency is to group categories c) and d) 
in a single building known as the main 
yard building. : 

Most Administrations site this main 
building near the shunting yard, making 
use of the large amount of space available 
at-this point, and also of the fact that so 
sited, the building is more or less at the 
centre of gravity of the marshalling yard. 

However in France the main building 
is sited for preference near the making up 
lead in, especially when the yard is equip- 
ped with a departure yard. France con- 
siders in fact that the operations carried 
out in the marshalling yard are always 
more difficult than those of the shunting 
yard where the work is more or less rou- 
tine, so that the direct supervision of those 
in charge is concerned more particularly 
with the marshalling yard. 


Weighing wagons at the shunting humps. 


Although this was not one of the ques- 
tions raised in the questionnaire, Holland 
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reports that the possibility of weighing 
wagons at the shunting humps in large 
marshalling yards is under consideration. 


It would certainly be interesting for the 
Operating Department if wagons could be 
weighed in this way thus making possible 
systematically checks of the weight of loads, 
whilst reducing the number of weigh 
bridges required at small stations, which 
are very costly and have a small effective 
output. 

However the perfecting 
ment and its use is a very delicate matter, 
as without slowing down the working of 
shunting the wagons must be weighed with 
the degree of accuracy imposed by the 
commercial and administrative regulations. 

This is a very difficult problem to solve, 
which is also under examination in France, 
and it would be very desirable for the 
studies undertaken to lead to a successful 
solution. 


of such equip- 


Repairs on the spot and rectification of 
loads. 


France also reports having installed in 
certain up-to-date marshalling yards special 
equipment to make rapid repairs to wagons 
and rectify the loads. 

Repairs to the stock or rectifications of 
the loads which cannot be carried out on 
the track itself with the portable equip- 
ment carried by the inspectors, make it 
necessary to take out the wagons and send 
them into special shops; in general such 
wagons are shunted onto a special line 
and then taken to the Rolling stock repair 
shop, or into a shed for rectifying the loads; 
then they are returned to the yard to go on 
their way. 

These successive operations take a lot of 
time and frequently a repair which only 
takes am hour or two to carry out delays 
a wagon for one or two days. 

Apart from the operating costs involved, 
such operations are prejudicial to the turn 
round and consequently the user of the 
rolling stock, and they also have the draw- 
back of increasing the transport time in 
which the wagon is running light. 
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To overcome these drawbacks, in certain 
French marshalling yards a special shop for 
rapid repairs has been installed, sited near 
one of the side tracks of the marshalling 
yard; this shop is fitted with lifting tackle 
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so that such work as changing a pair of 
wheels, as well as replacing loads that have 
shifted, can be undertaken. 

Wagons to be dealt with in this shop 
are shunted onto the line in question, and 


Marshalling: 
EE 7S SSS SSS SSE SE SS 
T 
Total number 
Number Number of trains dispatched after shun 
YARDS of wagons of trains in 24 hour period 
coming received | | | 
in during and shunted without | within 
24 hour period | in24 hour period geographical geographid 
formation formatio# 
FRANCE. | 
Wemtees) (OBI) 2 2 o 5 5 1900 30 35 3 
Eee BOursete (in pall) sae meen 2200 43 26 16 
Lille-Délivrance 2 ey ee ke 2500 65 | 50 | 12 
Tergnier . 2100 38 31 8 
Nantes. 2000 43 24 26 
Rennes. . ; 1500 Si 21 11 
sirappes sea 2400 50 42 7 
Acheres spree 2500 58 45 10 
SUVS yan (ee 1800 60 35 35 
Toulouse (2) . . . 2500 35 35 19 
St-Pienre-des-Conpsi saan 2500 57 43 | 13 
Les Aubrais 2300 48 39 7 
Villeneuve (2). Le ee 4000 80 0) 20 | 
St-Germain-au-Mont d’Or (2) 2000 47 42 4 
Ghassey (ere ae 1500 58 61 — 
Gevrey (2) . . 3300 55 42 11 
Courbessac. 1900 40 30 11 
ITALY. | 
Mulan ag cits, nohe-s (5. ee 4000 78 58 | 25 
Bologne . . sh oe — — = =a 
Rome . = = pons pre 
NETHERLANDS. 
Watergraafsmeer eels Mele = = ae 
SUStCTEN.-) wewG, ee ee — = = | = 
SWITZERLAND, 
Bale eee 2700 
ASIEN 5 Ss 


(1) Only for parcels and miscellaneous traffic trains. 
(2) Yard being built. 
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when the necessary repairs have been car- Thus the great majority of wagons 
ried out are sent to the marshalling yard; requiring repairs or rectification of the 
the time spent in the shop is therefore load can be dealt with in the yard itself, 
limited to that required for the actual and loaded wagons hardly ever have to 
repair operations. be sent to a Rolling Stock Repair Shop. 


Appendix No. 1. 


sed since 1929. 


ays) Number of sidings 


aber of trains 
lispatched | 
| hour period Reception Shunting Marshalling Waiting Relief 
the departure yard yard yard to leave sidings 
up of sidings | 
en provided) 
a eel 
= 10 24 6 — - 
_ 10 34 = 5 
25 15 32 25 — _ 
— 10 32 5 == 8 
= 10 32 — — 
a= 17 28 — — 
— 14 28 | 4 — — 
a 11 31 | 8 = 5 
70 5 29 6 = 
15 9 40 5 4 
35 11 34 6 7 
= 12 29 | == 11 
70 18 44 11 20 _- 
— 14 35 aS 3 
— 4 26 — = 
20 14 41 6 8 9 
== 11 | 34 — 
2? 44 24 35 | — 
Sy 20 40 24 18 4 
~ 14 | 34 | 19 12 8 
| 
th 10 40 — | = 
— 7 14 = | = 
9 | 38 | 14 8 = 
s 11 | a7 19 13 = 
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Appendix 4. 


WESTINGHOUSE TRACK BRAKE. 


Rove du wagon 


Patin cle 


Admission ce /air comprime’ 


é 
oe | \tee_ 


Explanation of french terms : 


Admission de l’air comprimé = Admission of compressed air. — Roue du wagon 
= Wagon wheel. — Patin de frottement = Shoe. — Rail = Rail. — Tenailles = Jaws. — 
Axe = Centre line. 


This brake is worked by means of jaw shaped parts, every 2 m (6’ 6 #’), on each 
running line. 


They tighten up by means of levers one end of which is attached to the piston and 
the other to the cylinder of a pneumatic motor fed by compressed air by means of a 
system of valves electrically operated with four adjustments of the pressure corresponding 
to 4 degrees of tightness braking. 


The pressures obtained on each side of the wheel are equal. The brake shoes are 
automatically centred thanks to the use of levers on each jaw which pivot around their 
axis of articulation and to coiled springs. This centering prevents lateral stresses being 
imparted to the vehicles. 


The jaws carry the brake beams which are articulated in line with the jaws. On these 
beams are fixed the braking shoes in such a way that the centre falls in line with the 
articulation of two consecutive beams. This arrangement ensures the rigidity of the brake 
as a whole, whilst allowing it a certain amount of flexibility. 


The compressed air is supplied by a plant at a pressure of 8 kg/cm? (113 Ibs per 
sq. inch.). 


ae 
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SAXBY-MARCHAIS TRACK BRAKES. 


The jaws consist of 2.80 m (9 21’) elements assembled together in line with the 
symmetrical levers compared with the centre line of the track. 


The brake is put on by the action of hydraulic pressure applied on the piston. The 
lower end of the equalising bar (1) moves outwards as the whole moving part is lifted 
by the lever (4). The wheel of the wagon, when running into the ilangeway of the brake, 
opens the jaws. By the action of the rod (3) and the lever (2), the running rail is then 
lifted up. The weight of the wagon on the rail exercises pressure on the tyre of the 
wheel in proportion to the weight of the wagon when the hydraulic pressure is suffi- 
ciently great to maintain the equalising bar (1) in its extreme position. 


If the hydraulic pressure (80 to 110 kg/em* = 1137 to 1564 lbs. per sq. inch.) is 
regulated by the brakesman so that it remains lower than the load of the wagon on the 
equipment, the braking effort becomes proportional to this pressure which electrical 
equipment makes it possible to graduate. 
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Appendix 6. 


FROELICH TRACK BRAKE. 


The inner jaw is fixed. The outer jaw is mounted on a moveable crutch. The 
stirrups or straps carrying these jaws are able to move sideways on transversal beams 
which can be raised or lowered by means of pistons worked hydraulically. 


The control apparatus by means of electrical devices enables the pressure in the 
cylinders to be regulated. The hydraulic power is supplied by means of an accumulator 
of compressed air (105 atm). 


When the hydraulic pressure is great enough to keep the wagon raised above the 
carrying rail, the total weight of the vehicle rests on the moveable jaws and determines 
the friction on the tyres of the wheel. The maximum braking effort is exerted at this 
moment, and is proportional to the weight of the wagon. 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 
I5th. SESSION (ROME, 1950). 


QUESTION VII. 


Organizing methods to be used in large marshalling yards 
and terminals, to reduce to the minimum the cost per 
wagon shunted. 


Determination of the staff and number of shunting engines 
needed; 

Capacity and control of the efficiency of the marshalling 
yards; 

Recording and numbertaking arrangements in the arrival 
and departure yards; 

Statistics and traffic analysis by the control-room; 

Braking and retarding arrangements; 

The formation of trains for departure. 


REPORT 


(America (North and South), Burma, China, Egypt, Great Britain and North Ireland, Dominions, 
Protectorates and Colonies, India, Iran, Iraq, Malay States and Pakistan), 


by E. W. RosTERN, 


Operating Superintendent, Eastern & North Eastern Regions, The Railway Executive, Marylebone Station. London, N.W. 1, 


This report is based on information PARA 

supplied by the following undertakings : 

General measures to improve the out- 
put of marshalling yards. — Results 
obtained. 


Pennsylvania Rail Road U.S.A. 
South African Railways and Harbours 
Sudan Railways 


Ceylon Government Railways Question 1. — Do there exist in your marshal- 
ling instructions any arrangements which are 
ee : designed to assist the staff (in particular by 
eee aly ays ~ Australia indications on wagon labels) in identifying 


New Zealand Government Railways the destination station and the siding into which 
British Railways the wagon requires to be shunted? 


Government of India Railways 
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ANSWER. 


The usual practice is for all loaded wagons 
to carry on each side a label indicating, 
inter-alia, the destination station and the 
route when this is necessary. In order to 
help the yard staff, specially printed labels 
are frequently provided for the larger 
receiving points which show the destination 
station in printed letters. 

Several undertakings use coloured labels 
to denote such special traffics as « Perish- 
able », « Fruit », « Explosives » requiring 
particularly expeditious despatch. A varia- 
tion of this arrangement is the use on the 
labels of coloured strips supplemented by 
a printed description. 

On most undertakings a label showing the 
destination station and route is regarded 
as providing adequate information for the 
marshalling yard staff, and the particular 
siding in which a wagon requires to be 
shunted at an intermediate yard is usually 
indicated by chalking before shunting oper- 
ations are commenced. 

The Sudan Railway is divided into fifteen 
zones and the zone number 1s superimposed 
in red on the wagon labels which also 
indicate the destination station. It is stated 
that this arrangment is of considerable 
assistance to the shunting staff. 

Special marshalling group labels are used 
on some sections of the Indian Railways in 
order to provide indication to the staff of the 
group into which a particular loaded wagon 
requires to be marshalled in the train. 


Question 2. — Are arrangements made for 
advice to be given of the composition of trains 
before their arrival at the marshalling yards? 
If so, what are the general arrangements, and 
1s it found that there are advantages in this 
practice? 


ANSWER. 


It is customary on most Railways for an 
advice to be sent, either by telegraph or 
telephone, from the departure yard to the 
receiving yard showing the time of depar- 
ture and the composition of trains, but the 
extent of the information transmitted varies 
considerably with different Administrations. 
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The more general arrangement is to give 
either the total number of wagons or the 
number in each section of a train and to 
make special mention of wagons conveying 
such commodities as livestock, perishables, 
fragile and urgent traffic. The position of 


such wagons on the train is often indicated’ 


in the advice. 


In Ceylon the advice is confined to wagons 
conveying valuables and in New Zealand 
to livestock. In both these countries no 
other prior advice of train loading is given. 


The Pennsylvania Railroad, the Sudan 
and the Indian Railways have adopted 
more elaborate methods of advising. ‘The 
Pennsylvania messages give the wagon 
number, lading and final destination, and 
the Sudan Railways, in addition, also make 
reference to the contents of the wagons. 


In India the message indicates the total 
number of wagons for each section group. 
An experiment is being made with a more 
detailed reporting arrangement associated 
with the special marshalling labels referred 
to in the answer to question (1), under 
which the number of wagons in each of the 
groups is given. ‘The advantage claimed for 
this arrangement is that it enables the station 
ahead to have ready in a suitable position 
additional vehicles for attaching, and shunt- 
ing power can be arranged in advance to 
adjust the load of the train in the most 
efficient manner with the 
detention. 


The practical advantages of receiving an 
advice of the composition of a train before 
its arrival may be summarised as follows : 


(a) Clearance of reception roads can be 
planned to ensure that a suitable road, 
commensurate with the load conveyed, 
may be available for the reception of 
each train as it arrives, thus avoiding 
congestion on the running lines. 


Special arrangements can be made for 
dealing with livestock, perishable and 
urgent traffics to ensure that the best 
forward service is given. 


The information is helpful in deter- 
mining in advance whether «optional » 
or extra services will be required and 


minimum of |! 
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locomotive power and trainmen can be 
arranged accordingly. Conversely when 
the messages indicate that the flow of 
traffic is subnormal appropriate action 
can be taken in good time to curtail the 
scheduled service. 


Question 3. — How do you determine, in the 
general interests of yard working, the arrival 
and departure times of trains booked to serve 
the yard? 

ANSWER. 


Although, from the point of view of 
efficient yard working, an arrangement 
under which arrivals and departures are 
spread evenly throughout the time the yard 
is open would give the most economical 
results, this is never possible in actual 
practice. Many other considerations have 
to be taken into account and it is only after 
weighing each factor in its proper perspec- 
tive that a balance can be struck and a 
decision taken regarding the relative im- 
portance of conflicting interests. 

In fixing the arrival and departure times 
of trains, due regard must be paid to the line 
occupation on the main trunk routes, as it 
would be wasteful of train crews to start 
trains at times when a reasonable path for 
them is not available. he requirements of 
the passenger service have frequently to be 
taken into account and on some railways 
the running of freight trains is prohibited 
at certain periods of the day when passen- 
ger traffic is at its peak. 

The transit time of freight traffic is 
another vital factor. At the majority of 
loading points, i. e., goods sheds, private 
sidings, docks, etc., the preponderance of 
loaded wagons becomes available for des- 
patch during the late afternoon and in 
order that time may not be wasted at the 
yards, it is necessary to arrange train 
departures to lift the traffic as it arises. 
Similarly, it is desirable that, wherever pos- 
dible, traffic should be sorted in the marshal 
ling yards in time for it to be worked to 
delivery points and placed in position for 
discharge by the normal starting time of 
the unloading staffs. In countries such as 
Great Britain where distances are relatively 
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short, there is a strong pressure from 
commercial undertakings for goods loaded 
one day to be conveyed to destination and 
placed in position for unloading the follow- 
ing morning and this demand for an 
overnight service militates against the 
regular interval spacing of departures and 
arrivals at the marshalling yards. 


Consideration must also be given to the 
efficient user of locomotives and train crews, 
and in arranging the departure of trains due 
regard must be paid to the importance of 
providing a suitable balancing service. 


Departures of local freight trains serving 
small intermediate stations (omnibus trains) 
must run at times when the stations are 
normally open for dealing with freight 
traffic, and similarly the departure of trains 
serving goods sheds, private sidings, docks 
and wharves must be related to the times 
at which work is in progress. Delivery of 
wagons before the commencement of work 
in the morning and lifting of traffic after 
cessation of work in the evening is the usual 
requirement, but where work is carried 
on either for two shifts or continuously, 
arrangements must be made accordingly. 


Over-riding factors of this character are 
common, in one form or another, to most 
railways but after making allowance there- 
fore, it is still possible to adhere fairly 
closely to the following basic principles in 
determining the arrivals and departure 
times of trains : 


(a) Arrivals are spaced as evenly as consi- 
derations permit and great care 1s 
taken to avoid trains arriving in such 
close succession that the yard cannot 
accommodate them currently. 


(b) Departures are arranged to provide 
for the regular clearance of wagons to 
all points, either in full loads for one 
destination yard or to an intermediate 
yard. 


(c) The departures to individual destina- 
' tions are designed to give clearance at 
times when a full load is normally 
available, thus ensuring clearance of the 
sidings concerned before they are filled 

to capacity. 
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(d) The suitability of the timings must 
be considered in relation to the require- 
ments at both the despatching and 
receiving yard — where there is a 
confliction in the requirements a com- 
promise solution in the best interests of 
the working as a whole must be made. 

(e) The planned arrivals and departures 

must ensure that no traffic is held up 

for an undue period. 


Question 4. — What organisation has been 
established to co-ordinate the various yard 
operations, 1. €., reception, examination, check- 
ing, numbertaling, marshalling, testing of brakes 
and the clearance of wagons from adjacent 
works, goods depots, tranship sheds, etc.? 


ANSWER. 


Co-ordination of the various yard oper- 
ations is the responsibility of an operating 
official who is usually designated the « Yard 
Master ». In the execution of his duties, 
he has the help of Assistant Yard Masters, 
Inspectors and Foremen, and through 
them, supervision is exercised at all times 
when the yard is open. 


A general plan for the working of the 
yard is laid down by the Yard Master under 
which each member of the staff is made 
responsible for some phase of the yard 
working and the aim is to ensure the maxi- 


mum efficiency with the minimum number 
of engines and men. 


Rosters for engines and shunting staff 
are arranged to cover the normal traffic, 
including provision for the delivery to, and 
the clearance of wagons from adjacent 
works, goods depots, etc. Normally, the 
planned arrangements cover overall requi- 
rements but the Yard Master makes adjust- 
ments on a day-to-day basis to meet any 
contingencies which may arise. 


The Assistant Yard Masters and Inspec- 
tors are in constant and direct touch with 
the actual position in the yard at all times 
and it is their duty to make whatever 
minor adjustments to the normal plan that 
may be necessary to meet fluctuating condi- 
tions and to ensure that the accommoda- 
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tion, locomotives and shunting staff are 
used to the best advantage. 

Wagon examination is normally under- 
taken by the mechanical engineering staff 
but the Yard Master and his supervisors 


collaborate and co-ordinate the arrange- - 


ments in the best interests of the working as 
a whole. 


Question 5. — On what basis is the siding 
allocation determined? Is this fixed or varied 
according to traffic requirements and is the 
allocation based on one destination only, or are 
several destinations included in the same 
siding? 


ANSWER. 


In general the siding allocation is determ- 
ined in such a manner as to reduce to a 
minimum the amount of second sorting 
which has to be undertaken to make trains 
ready for despatch. 


Much depends upon the number of 
sidings available in relation to the number 
of points for which separations must be 
made, the relationship between the capacity 
of the individual sidings and the train load, 
and the prompt clearance of roads when 
a train is made up. 


At most yards the allocation of the 
majority of the sidings is definitely fixed 
but it is not unusual for a small number to 
serve a dual purpose whilst others may be 
used for different traffics at certain times 
of the day. Where it is necessary to cater 
for special seasonal traffics, the fixed allo- 
cation may be varied as a temporary 
expedient. 


There are very few yards where the 
allocation of the sidings is based strictly on 
one destination only and it is seldom the 
case that every siding is used for several 
destinations. At practically all yards, some 
sidings are set aside for one destination only 
(including wagons for another marshalling 
yard) whereas others are allocated to traffic 
for several destinations. 


Moreover the directional flow of traffic 
and the relationship with other yards have 
an important bearing on the matter and, 
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although it is difficult to generalise, the 
allocation at a typical yard is usually on 
tthe following lines 

Sidings are allocated to : 


(a) Wagons for specific destinations where 
there isa regular flow approximating 
to the equivalent of a train load in 


24 hours. 


(b) Wagons for destinations with a direct 
service from an adjacent marshalling 
yard. 


(c) Groups of traffic which are sent forward 
to an intermediate yard for subsequent 
despatch, a separate road being ear- 
marked for each yard to which trains are 
made up. 


(d) Stations and works served by local trains 
where it is necessary to form the wagons 
in station order. Usually the wagons 
for each local train are kept together 
and subsequently remarshalled in the 
order required, but where the practice of 
« simultaneous » formation is resorted 
to, wagons forming the same position 
in trains for different destinations may 
be placed in the same road. 


(e) The principal types of empty wagons. 
(f) Defective wagons. 


Question 6. — Have you had experience of a 
bonus system of working for the staff engaged 
in marshalling yards? If so, what advantages 
are found to result therefrom? Set out briefly 
the basis on which the systems are established. 


ANSWER. 


None of the Administrations have bonus 
systems of working for the staff engaged in 
marshalling yards. 


Question 7. — In your large traffic yards, and 
under normal conditions of working, are any 
statistics recorded to show : 

(a) The average time taken for a wagon to 
pass through the yard (with information 
as to how this calculation is arrived at )? 

(b) The number of wagons shunted per shunt- 
ing engine hour? 


7* 
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(c) The number of wagons shunted per hour 
of duty of staff employed, and 1s this broken 
down into the various grades, 1. €., points- 
men, numbertakers, staff engaged on 
braking wagons down, other shunting staff 
and supervisory staff? 


ANSWER. 


(a) Only the Indian Railways maintain 
regular statistics of this description and 
they are designed to show the average 
detention to through loaded wagons. 
This figure is arrived at by recording 
in wagon exchange registers or similar 
records the hours of detention to each 
loaded wagon, i. e., the interval between 
arrival and departure. At the end of 
the month the hours of detention are 
totalled and the total is divided by the 
number of loaded wagons despatched 
during the month, due allowance being 
made for vehicles arriving at the end 
of one month but not sent forward 
until the beginning of the next. 

At some Indian yards a wagon card 
index is maintained and these are used 
as the basis of the statistic instead of 
the wagon exchange register. 

(b) With the exception of the South African 
and Ceylon Railways, statistics to show 
the number of wagons shunted per 
shunting engine hour are maintained 
at most of the larger yards but the methods 
of compiling and presenting the statis- 
tics vary considerably. 

On the Sudan Railways, for example, 
a Shunting journal is compiled by the 
head shunter in charge of each shunting 
shift, in which the following details 
are recordedia: 

Shunting engine number. 

Time of departure from Loco. Shed. 

Time of return to Loco. Shed. 

Shunting performed (showing number 

of vehicles moved). 

Actual shunting time. 

Time shunting engine standing under 
steam. 

Time shunting engine running «light». 

From this journal, a daily record of 
all shunting performed is prepared (by 
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the Yard Master or Station Master), 
showing the time worked by shunting 
engines, divided into active shunting 
time, standing under-steam time and 
running time, and giving details of 
the vehicles shunted. This daily return 
is rendered to District Offices, who, in 
turn, compile a monthly return of shunting 
hours for all stations, from which the 
average shunting time for vehicles is 
calculated. 

(c) The Indian Railways compile figures to 
show the number of wagons dealt with 
per Rs 15/— of wages paid. This 
statistic is, however, under examination 
with a view to revision. 

On British Railways, weekly statistics are 
prepared at all the principal yards which 
show the number of wagons detached per 
man hour on duty of the shunting staff, 
but the statistics are not broken down into 
the various grades. The Return also shows 
the number of wagons detached per shun- 
ting engine hour. 

kK 


PARSE S11. 
Control and supervision of work. 


Question 8. — Is there a control post or control 
agent at the yard and, if so, what are his 
duties so far as the marshalling yard is 
concerned? 


ANSWER. 


The Yard Master is the Agent responsible 
for the control and supervision of the 
marshalling yard work and through him 
responsibility is delegated to his Assistants 
or Inspectors so as to provide continuity 
throughout the time the yard is open for 
traffic. 

In most countries consulted there is a 
« control post » in the sense that there is a 
focal point, usually in the Yard Master’s 
office, connected by telephone with all the 
strategic points in the yard, as well as to the 
District Train Control Office and adjacent 
signal boxes, which enables the supervisor 
to coordinate the yard operations in the 
best interests of the working as a whole. 
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The principal responsibilities of the yard 
supervisor may be summarised as follows : 


(a) To regulate the yard working to ensure 
that reception accommodation is availa- 
ble for trains immediately on arrival, thus 
avoiding congestion on the running 
lines approaching the yard. 


(6) To ensure that trains are correctly — 
formed and that they leave punctually. 


(c) To organise advance planning, by 
relating the wagons on hand and 
expected to arrive to the booked ser- 
vice, and to arrange in conjunction 
with the District Train and Traffic 
Control for the running of « optional » 
and additional services when necessary 
to cater for abnormal flows of traffic. 
When traffic is sub-normal, appropriate 
reductions in the booked service are 
made. 


' 
| 
| 
: 
(d) ‘To make such adjustments in the dispo- : 
sition of shunting engines and staff as | 
may be necessary to meet fluctuating 
conditions in the various sections of the | 
yard. | 
(e) To order additional shunting power, | 
when essential, to deal with extra traffic | 
and make reductions wherever possible 
in the light of the conditions prevailing. 
(f) To make special arrangements for the 
prompt despatch of perishable, livestock | 
and other urgent traffics. | 
| 
| 


(g) ‘To supervise the observance of wagon 
distribution orders. 

(h) ‘To co-ordinate the working of the yard 
generally, with a view to making the 
most economical use of shunting power 
and avoiding any undue hold-up of 
wagons. 


Question 9. — What arrangements are made 
to adjust the staff to the work required, and 
what arrangements are in force for providing 
analyses of traffic passing? 


ANSWER. 


The general plan for the staffing of yards 
has in most cases been determined over | 
years of experience and is related to the 


Be 
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physical layout and the normal volume of 
traffic to be handled. The adjustment of 
staff to meet variations in the work to be 
undertaken may best be considered under 
the following heads 


(a) Day-to-day fluctuations in traffic. 

The extent to which adjustments can 
be made on a day-to-day basis depends 
largely upon staff agreements, whether 
the fluctuation is constant, e. g., occurs 
on the same day or days each week, 
and whether it is in an upward or 
downward direction. 


Insofar as the fluctuation is constant 
it can be, and is usually, taken into 
account in preparing the shunting staff 
rosters. Sporadic day-to-day fluctua- 
tions are more difficult to legislate for, 
but when traffic is so much above 
normal that it cannot be handled by 
the rostered staff, the position is fre- 
quently met by overtime working in a 
section of the yard which is, in ordinary 
circumstances, being operated below 
full capacity. Another alternative, and 
one which is frequently resorted to on 
British Railways during the heavy 
winter months, is to keep yards open 
for one or more turns of duty on 
Sundays, when they would otherwise 
be closed. 


When the fluctuation is in the down- 
ward direction, the problem of effecting 
staff reductions to meet the day-to-day 
position is a difficult one, particularly 
in countries where the staff are employed 
on a permanent basis, with guaranteed 
wages. In such circumstances the staff 
are used to the best advantage on 
miscellaneous jobs, such as cleaning 
up the yard, mess rooms, stores, etc., but 
the scope for finding effective work is 
obviously limited. 


(b) Seasonal fluctuations. 

The probable flow of seasonal traffics, 
such as fruit and sugar beet, can be 
determined in advance from previous 
experience supplemented by _ reports 
from the growers, and it is customary to 
provide for additional shunting power 
and staff to deal with them. ‘The ar- 


rangements usually include the opening 
up of secudons of yards which are nor- 
mally closed, or closed for part of the 
24 hours, and they frequently provide 
for some redistribution of work between 
yards, in order to give essential relief 
to the points called upon to handle the 
seasonal traffic. 


A very close watch is kept on the 
arrangements to ensure that the addi- 
tional staff are not provided unneces- 
sarily, particularly at the commence- 
ment and termination of the season. 
Permanent alterations. 

The amount of work to be done is 
under constant review by the Yard 
Masters, and whenever experience shows 
that there is a regular increase or 
decrease in the volume of traffic to be 
handled, suitable adjustments in the 
engine power and shunting staff are 
made. Justification for an increase 
requires to be presented to the District 
Operating Officer and by the latter to 
the Chief Operating Officer before addi- 
tional permanent appointments are 
made. 


The District Operating Officers review 
the yard working for which they are 
responsible from the statistical data of 
wagons handled and shunted per shunt- 
ing engine hour, taking into account 
variations in the number of- segrega- 
tions which require to be made and 
changes in timetabling which may 
affect the amount of work to be done. 
In the light of these considerations 
conclusions are reached regarding per- 
manent adjustments to shunting power 
and staff. 

Traffic analysis. 

There are no arrangements in force for 
providing analyses of traffic passing 
except in the case of the British Railways 
where a permanent organisation exists 
for making periodical tests where and 
when necessary. 


The special records are usually com- 
piled by the Operating Superintendents, 
staff, with some local assistance, and 
they cover periods of three to six days or 
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even longer. The details recorded vary 
slightly according to the particular 
purpose for which they are required, but 
they usually show the wagon number, 
sending and receiving station, the train 
and time of arrival and service given on 
departure. 

They form an admirable indication 
of the efficiency of the yard working 
as a whole and provide valuable 
information respecting 

1) The possibilities of increasing the 
number of through trains designed 
to give the longest possible runs, thus 
reducing to a minimum the number of 
intermediate marshalling yards that 
wagons require to enter for re-sorting. 

2) The desirability of adjusting train 
timings to conform more closely to the 
actual flow of traffic. 

3) The failure of yards to load wagons 
to the correct marshalling yard. 

4) The detection of delay to wagons 
in marshalling yards, thereby indicating 
the need for remedia: measures to be 
taken. 

The work involved in recording, sum- 
marising and analysing information of 
this kind is somewhat formidable and for 
this reason the analyses are undertaken 
primarily at those yards where it 1s 
considered, from the general informa- 
tion available, that there is scope for 
ereater efficiency. 


Question 10. — What is the arrangement for 
setting up and despatching special trains as 
may be necessary to provide for the rapid and 
satisfactory clearance of the marshalling yard, 
and what is the organisation which provides 
for the diversion of trains from one destin- 
ation to another according to traffic fluctua- 
tions? 


ANSWER. 


In the interests of the efficient user of 
engines and men, and in order to avoid 
congestion at yards and on the running 
lines, it is the practice on most undertakings 
to schedule regular trains to meet all normal 
requirements, thus reducing the number of 
occasions when special working is necessary. 
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To some extent provision for additional 
traffic is made by including in the timetable 
« conditional » trains which run only when 
justified by a heavy traffic flow. ‘The virtue 
of this arrangement is that the timing is 
fixed in advance and provides for a suitable 
path on the running lines as well as for 
departure and arrival times convenient 
to the working at the yards concerned. 
Special trains are run according to circum- 
stances, but the occupation of the track and 
the position at the receiving end must be 
taken into account. 


On most of the undertakings consulted, 
the stock of wagons in the yard, which is 
usually taken three or four times a day, 
coupled with information respecting the 
loads of trains en route, forms the basis of 
the decision to run a «conditional » or 
special train. The actual decision usually 
rests with the District Train and Traffic 
Control Office, which receives particulars 
of the yard stocks at regular intervals and 
takes into account 


(a) The availability of engine power and, 
in particular, the possibility of making 
use of incoming engines and men who 
have no rostered return working. 

(b) The position at the receiving yard. 
(c) The possibility of providing return 
loading for the engine and men. 

(d) The effect on the booked service (the 
running of a special and subsequent 
cancellation of a booked train is not 
normally good operating practice). 


As regards the diversion of trains from 
one destination to another this follows the 
same procedure as the special train working 
and the responsibility rests with the District 
Train and Traffic Control Office, although 
the Yard Master and his supervisors do not 
hesitate to make representations to the 
Control whenever they consider such a 
course necessary. Perhaps the most import- 
ant factor to be taken into account when 
adjusting the booked service in this manner 
is the loss of return loading at the yard 
which would normally receive the train 
to be diverted. ‘The District Controls are 
well equipped with telephone communica- 
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tions and, before agreeing to a change of 
this kind, all the interests» concerned are 
consulted and the course of action is deter- 
mined by the circumstances as a whole. 
Particular attention is paid to the effect on 
locomotives and trainmen, and steps are 
taken to return to normal diagrammed 
working as quickly as possible. 


Question 11. — What methods of control 
are exercised in order to ensure that the yard 1s 
operated with efficiency and economy? 


ANSWER. 


Initially, responsibility for the efficient 
and economical working of the yard rests 
with the Yard Master and his supervisors. 
They make a close daily scrutiny of the 
train and yard working sheets, paying 
particular attention to late starts, light 
loading of trains, detention of train engines 
and uneconomical use of shunting power. 


They keep a watchful eye on the actual 
operations to see that wagons are efficiently 
braked into the sidings to avoid damage, 
give attention to the regular clearance of 
the reception lines and control generally 
the detail of the yard operations. 


The District Operating Superintendent is 
supplied with statistics by which he and his 
staff are able to criticise results achieved, 
comparing them with previous periods for 
the particular yard and with the results 
obtained in other yards. The District 
Operating Superintendent, his Assistant, and 
District Traffic Inspectors visit the yards 
periodically and regular periodic meetings 
are held between the District Operating 
Superintendent and the Yard Masters in his 
district, at which matters affecting yard 
working generally are ventilated. 


The summarised results are also subject 
to scrutiny by the principal Operating 
Officer and attention is directed to any 
falling off in the standard of performance. 
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ANRAD IU 
Checking, numbertaking, etc. 


Question 12. — What is the organisation in 
operation in regard to checking and number- 
taking so far as both arrivals and departures 
are concerned? What documents are made 
use of and do the checkers or numbertakers 
concern themselves with the preparation of 
«cut cards » or «siding slips »? 


ANSWER. 

On British Railways checking and num- 
bertaking is only carried out at the marshal- 
ling yards to a very limited extent, it being 
considered that the heavy cost of providing 
staff for this purpose cannot be justified by 
the benefits to be derived from such records. 
Arrangements exist at most yards for noting 
the arrival and departure of wagons of 
livestock, as well as particularly important 
and valuable traffics, but apart from this, 
there is no general system of checking and 
numbertaking. 

All the other undertakings consulted have 
checking and numbertaking arrangements 
in some form but the procedure varies 
according to local needs. 

In the Sudan, all the vehicles on a train 
are checked at the starting station by a 
checker or numbertaker, details of the actual 
wagon numbers, contents, destination, 
weight, etc., being entered on a « Train 
Load » form. Details of wagons arriving 
on trains and on shunting trips are also 
recorded. 

The South African Railways and Har- 
bours employ numbertaking staff to pre- 
pare lists of the vehicles marshalled in each 
train. 

In India numbertakers record the wagon 
numbers on all trains arriving, indicating 
the destination and whether loaded or 
empty. On outward trains, similar informa- 
tion is recorded and the numbertaker 
prepares a summary for the guard who is 
required to check its accuracy by comparing 
it with the make-up of the train. The parti- 
culars are recorded in numbertakers’ 
handbooks and, in certain cases, directly 
on to wagon cards. Particulars from the 
handbooks are subsequently transferred to 
the «wagon exchange register ». 
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On the Ceylon Government Railways 
numbertakers record the numbers of all 
wagons received and forwarded, with a 
note of the sending and receiving station 
and particulars of the contents. Checkers 
are also employed in connection with the 
examination of seals of wagons. 

On the Victorian Railways numbertakers 
record all trains and wagon departures on 
truck sheets. Similar sheets are compiled 
by guards of incoming trains and these 
returns form the basis of register records. 
Each day’s.records are checked with those 
for the previous day and symbols are 
inserted to indicate the time spent in the 
yard by each wagon. The attention of the 
supervisors is drawn to wagons held up for 
24 hours or more. 

The New Zealand Railways prepare a 
loading list for every train at the starting 
station showing the wagon number and class, 
point of lifting and destination, contents, 
eross and tare weights, and total tonnage of 
the train. Particulars of wagons lifted en 
route are inserted on the loading list by the 
guard. On arrival at destination station the 
wagon numbers are checked by the number- 
taker with the loading list, a copy of which 
is retained by him and handed in to the 
Yard Master. A check is simultaneously 
made with the invoices to see that each 
wagon is accompanied by the appropriate 
documents. A similar check is made at 
the starting station. 

It will be seen that each Administration 
adopts the methods of checking and num- 
bertaking best calculated to meet its own 
particular requirements and no doubt the 
liability to loss from pilferage has an 
important bearing on the matter. 

None of the Administrations consulted 
utilise checkers or numbertakers to prepare 
«cut cards » or « siding slips ». 


Question 13.— How is the work of the checkers 
and numbertakers supervised? Is it under the 
control of one chief numbertaker or checker who 
details the duties of the staff under his charge, 
or does it fall within the responsibility of the 
organisation referred to in Question (8)? 
If so, what are considered to be the advantages 
of this arrangement? 
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ANSWER. 


At yards in India where several number- 
takers are employed they are supervised 
by a head trains clerk and the Victorian 


Railways employ a special yard checker 


to supervise the numbertakers. 


Apart from these exceptions, the work is 
supervised by the Yard Master and _ his 
Assistants. 


Question 14. — What method is in operation 
for dealing with commercial and other docu- 
ments which accompany the wagons in cases 
where they are required at the yard master’s 
office, or at some other point for documentation 
purposes? 


ANSWER. 


On British Railways and most of the 
other undertakings consulted, commercial 
and other documents are not made use of by 
the marshalling yard staff and consequently 
they are not interfered with in any way. 
In the case of less than wagon load consign- 
ments passing through tranship sheds, the 
documents are received, either on the 
wagon side or by passenger train at the 
tranship shed, where they are sorted and 
re-distributed to the wagon in which the 
traffic is reloaded. 


The Pennsylvania Railroad use a mes- 
senger service for transferring the documents, 
whilst the New Zealand Government Rail- 
ways arrangements provide for the docu- 
ments being dealt with through the Yard 
Master’s Office. On the Sudan Railways 
the documents are entered on a guard’s 
waybill form and this, together with the 
documents themselves, is handed over to 
the guard (against signature). They remain 
in his personal care and are handed over 
to the yard staff at the end of the journey, 
when a receipt is obtained for them. 
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Examination and repair of wagons. 


Question 15. — How is the examination of 
wagons undertaken? On which roads (reception, 
sorting or departure) 1s this generally carried 
out? What is the proportion of wagons actually 
found to require attention on examination in the 
reception sidings on the one hand, and in the 
sorting or departure sidings on the other? 
What is, in your opinion, the most satisfactory 
arrangement for the examination of wagons? 


ANSWER. 


It is the general practice for this work 
to be undertaken by wagon examiners, 
who inspect both sides of the wagons for 
defects, heated bearings and so on. 


In almost all countries wagons are 
examined twice as they pass through a 
marshalling yard, firstly, when they arrive 
in the reception sidings and, secondly, in 
the sorting or departure sidings after the 
shunting operations have been completed. 


There are, however, exceptions to this, for 
example, the Pennsylvania Railroad con- 
centrates most of the work on the reception 
roads. Upon arrival ofa train, blue flags by 
day and blue lights by night are placed 
at each end to afford protection for the car 
inspectors. Two sets of two men each 
are normally assigned to make the inspection 
and minor defects are attended to at once. 
Where the defects require more substantial 
adjustment the cars are labelled for transfer 
to the « shop track » for attention. In the 
departure yards, the air brakes only are 
tested before departure of the trains. 


Although in most British Yards examina- 
tion is carried out on arrival and again 
before departure, an exception is made in 
the case of certain flat yards where examina- 
tion is only undertaken once, usually before 
departure. 


As a general rule, examination of trains on 
arrival and again before departure is favou- 
red. The value of the first examination is 
that hot bearings are more easily detected, 
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repairs can be taken in hand more quickly 
and defective wagons can be shunted into 
the «repair road » for attention as the 
shunting of the train is carried out. ‘The 
second examination is necessary to detect 
any defects arising from shunting operations 
in the yard. 


Statistics are not available on any of the 
undertakings (except the Ceylon Government 
Railways) to indicate, separately, the pro- 
portion of wagons found to require attention 
on the reception sidings and in the sorting 
or departure sidings. The combined figure 
for British Railways is approximately 1 °% 
but it ranges rom as little as 0.25 % to as 
much as 2.45 °4 according to the type of 
yard and nature of the traffic. The Victorian 
Railways note a figure of 5 %. 

The Ceylon Government Railways state 
that 6 °%, of the wagons on reception lines 
and 6.7 °/, on outward lines require atcention 


Question 16. — Is the work of the examiners 
controlled by a chief examiner who organises 
the work of the examiners, or is this work 
controlled by the organisation referred to in 
question(8)? If, on the other hand, there ws 
some other method of control, please give a brief 
account and say what, in your opinion, 1s the 
best organisation to be adopted in regard to 
wagon examination generally? 


ANSWER. 


The wagon examiners are technical staff 
and are controlled by their parent depart- 
ment — usually the mechanical engineer 
or the carriage and wagon engineer. 

The wagon examination staff are usually 
supervised by a chargehand or foreman 
examiner who arranges the plan of work. 
There are no cases where the work is super- 
vised by the Yard Master but there is very 
close co-operation between the two depart- 
ments to ensure the fullest benefit to the 
working as a whole. 


Question 17, — Are there one or more sidings 
especially allocated for light repairs to wagons? 
If so, state the advantages, if any, of this 
arrangement. 
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ANSWER. 


It is almost invariably the practice to 
allocate one or more sidings for carrying 
out light repairs to wagons and to rectify 
damage which may occur 1m transit or In 
shunting operations. 

The arrangement permits of the wagon 
repair staff making adjustments without fear 
of interference from shunting movements, 
it avoids the loss of time which would 
otherwise be taken in transferring the wa- 
gons to and from the shops and allows of 
each wagon continuing its journey with 
the minimum loss of time. 


2 KK 


PART V. 
Shunting. 


Question 18. — How are the operations 
preparatory to actual shunting carried out? 


ANSWER. 


‘The usual operations preparatory to the 
actual shunting comprise the following, 
which are carried out in the manner indi- 
cated : 


(a) The load is secured and the train 
engine is liberated to the shed or to 
pick up a return load from some other 
point in the yard. When urgent wagons 
are marshalled on the front the train 
engine is frequently used to take them 
to the pomt where they are required. 


(b) The wagon examiners inspect the train 
and mark any wagons required in the 
« repair » siding for attention, 

(c) A senior member of the shunting staff 
chalks on each rake of wagons the num- 
ber of the siding into which they are to 
be shunted. At mechanical yards a 
« cut card » is made out and despatched 
to the control tower. 


(d) The automatic brake is destroyed. 


(e) In the case of a hump yard the wagons 
are uncoupled between the various 
« cuts >>, 
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Question 19. — What are, in your opinion, 


the best means of securing the most satisfactory 
results in terms of wagons shunted and in 
spreading the work in such a way as to avoid 
idle periods or train detentions? 


ANSWER. 


Apart from questions of layout, which are 
outside the scope of this review, the most 
satisfactory results are achieved by designing 
the train arrangements to provide a fairly 
even flow of incoming and outgoing trains. 
For the reasons given in answer to question 
(3) this is not always possible but as regards 
inward trains the difficulty can be overcome 
by the provision of adequate reception roads | 
In addition to avoiding congestion on the 
running lines, they provide a reservoir 0| 
trains waiting shunting for the staff te 
draw on when they would otherwise be idle 
owing to irregularities in the arrivals, | 


It is equally desirable that the yard shoul 
be cleared of trains as they are made i 
ready for departure, otherwise the siding: 
become congested and the rate of shuntins 
is impeded. When, therefore, pathin 
difficulties or availability of motive powe 
require that train loads should be held u 
for a time, departure roads should bj 
provided. 
It is also important that the length of thi 
main sorting sidings should be ares 
for the purpose for which they are used an 
where possible, there should be som} 
margin of reserve to meet contingencies. | 


Much can be done, by effective supe 
vision, to make use of intervals between t 

arrival of trains requiring to be shunte} 
by closing up roads, correcting wron) 
shunts and taking the fullest advantage 


slack periods to carry out second sorting 
with a view to saving time required fa 
this work later on. | 


Question 20. — Does your organisation provia 
for the special handling and despatch of urge: 
wagons? If so, how are these wagons dea 
with and does this adversely effect the workin 
of the yard as a whole? 
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ANSWER. 


All the Administrations provide for the 
special handling and despatch of urgent 
wagons. 


The more general arrangements provide 
for the selection of the services which will 
give the most expeditious transit and special 
precautions are taken to see that such 
wagons are shunted, out-of-turn where 
necessary, to ensure that connections are 
made. 


It is often found advantageous to marshal 
the wagons next to the engine, so that the 
train engine may take them forward immed- 
iately to the point in the yard where the 
transfer is to be made; for instance, in a 
hump yard the engine can take them through 
to the departure end of the yard without 
the wagons having to take their turn in 
being passed over the hump. 


It is customary for particulars of urgent 
wagons to be given on the train wires and 
the information is passed forward from yard 
to yard. 


The effect on the yard working as a 
whole depends largely upon the extent to 
which wagons of this description require to 
be dealt with. Obviously, the effect must 
generally be unfavourable, but the replies 
indicate that the volume of traffic so dealt 
with is relatively small. It is pointed out 
that the arrangement not infrequently 
causes late starts to trains with which 
connections have to be made. 


Question 21. — What is the extent of the 
interruption to shunting resulting from such 


cases as correcting wrong shunts, closing up of 


wagons in the sorting sidings, locomotive duties, 
train departures, etc.? How does this time 
compare with actual shunting time and what 
steps are taken to reduce this to the minimum? 


ANSWER. 


The extent of interruptions to shunting 
from these causes’ varies considerably from 
one yard to another according to the type 
of yard and the form of shunting power 
in use. 
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None of the countries consulted have 
regular statistical data on this point and, 
although some undertakings consider the 
loss of time is relatively small, it probably 
amounts to about 25 % in most yards, 
although it is probably less where diesel 
or electric engines are employed. 


Closing of wagons is probably the great- 
est single cause of interruption and it is 
difficult to find a complete solution, as 
faster running may lead to increased 
damage. The use of an additional engine 
is sometimes advocated, but it is a costly 
remedy and not always entirely satisfactory. 
In the countries consulted, capstans are 
seldom used and limitations of space between 
roads precludes the use of tractors. 

Time occupied in correcting wrong 
shunts can be minimised by careful attention 
to the chalking and preparation of cut cards 
and by avoiding excessive speeds in propel- 
ling over the hump. 

A reduction of time on locomotive require 
ments can most readily be secured by the 
use of diesel engines, but failing this the 
careful siting of water columns and coal 
stages is helpful. Where several engines 
are in use, it may be economical to use a 
relief engine. Apart from these consider- 
ations much can be done to minimise the 
loss of effective time by arranging for 
locomotive requirements to be taken at 
slack periods and when shunting has to be 
discontinued to permit of train departures. 


Question 22. — What precautions are taken 
to guard against rough shunting and derail- 
ments ? 


ANSWER. 


The first essential is that the rate of 
shunting should be properly related to the 
physical conditions, 1. ¢., gradients, curves, 
and wagon resistance, and to the facilities 
for braking, due regard being paid to the 
staff normally provided for this purpose. At 
yards where the incidence of damage and 
derailment is abnormal, detailed investi- 
gation frequently indicates the need for 
better co-ordination of these factors, In 
some cases a solution has been found in 
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minor modifications to the layout and by 
improved lighting at strategic points. 

Whatever the form of layout, freedom from 
damage and derailments must depend to a 
large extent upon the experience of the 
shunting staff and the skill with which they 
carry out their duties. Towards this end, 
most of the undertakings consulted issue 
instructions to the staff and care is taken 
in the selection of suitable men and in 
training them in their duties. 

A high degree of supervision is an im- 
portant factor, and this is normally exer- 
cised by the Yard Master and by the Inspec- 
tor or foreman in charge of each group of 
sidings. Usually, all derailments are the 
subject of enquiry by the Yard Master to 
determine the cause and the responsibility 
in order that remedial or disciplinary action 
may be taken to avoid a-recurrence. It 
is also the practice to report all cases of 
damage with a note of the causes. 

In the case of fragile goods which are 
particularly liable to damage in shunting, 
it is the usual practice to provide distinctive 
labels in order that special attention may 
be drawn to the need for care being taken 
when dealing with them. 


Question 23. — What arrangements are 


made to deal. with wagons which have been 
shunted into the wrong siding, damaged 
wagons and wagons whose loads require 


attention or adjustment? What is the percen- 
tage of wrong shunts? 


ANSWER. 


The arrangements for correcting wrong 
shunts vary at different yards and they are 
invariably designed to meet the local 
conditions. In the majority of yards the 
correction is made by the shunting engine 
at the sorting end of the sidings at a time 
when this can be done with the least 
interference with shunting operations. When 
the position of the misplaced wagon is 
convenient and power can be made readily 
available, it is not unusual to make the 
correction at the departure end of the 
sorting sidings. The transfer of wrongly 
shunted wagons is frequently undertaken 
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during a break in the shunting when 
closing up operations are in progress. 
It is customary for damaged wagons and 
those with displaced loads to be shunted 
into the siding or sidings specially allocated 
for carrying out repairs and reloading. 
Most of the Administrations consulted 
report that although no figures are available, 
the number of wrong shunts is very small. 
In Britain considerable variation is shown 


between yards and the number of wrong — 


shunts varies: fromm 0103, >to, 0-55 ye 


Question 24. — How are wagons closed 
together for coupling up? Have you had any 
experience of the use of tractors working on the 
ground alongside the rails, or of rail tractors, 
or of any other such appliance? If so, please 
give details and say whether they have proved 
satisfactory. 


ANSWER. 


All the Administrations consulted make 
use of engine power for closing up wagons 
in marshalling yards. The work is usually 
performed by the shunting unit but use 
is also made of train engines. 

Although use is frequently made of 


5 : | 
capstans for closing up wagons in goods 


sheds, and the Victoria Railways use rail 
tractors working on the ground alongside 


the rails for the movement of wagons in | 


goods yards, there are no instances where 


these appliances are used in marshalling | 


yards. 


JAMIL WAL 


Braking and retarding arrangements. 


Question 25. — By what means do you brake 


or retard wagons : 

(a) in yards equipped with rail brakes, 

(b) in other yards, 

and, in particular, how is the staff engaged 
in braking and bringing the wagons to rest 
distributed? 


ANSWER. 


(a) Yards equipped with rail brakes. 
Rail brakes are located on the first three 


or four sections of track immediately fol- 
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lowing the crown of the hump and suff- 
cient pressure is exerted to ensure adequate 
spacing between the «cuts» to avoid 
overtaking due to the different running 
qualities of wagons. The retarders are 
operated by men located in what is usually 
termed the «control tower ». 


After this initial braking, only one further 
braking zone is required and here the 
momentum of the wagons is regulated, 
usually by the hand brakes, but sometimes 
by skids. This second braking is undertaken 
in the sorting sidings and one brakesman 
controls the wagons in a section of 10 to 
12 roads. 

Very few of the yards in the countries 
consulted are equipped with rail brakes. 
(b) Other yards. 

The general practice in yards not equipped 
with rail brakes is to make use of the hand 
brakes which are usually operated by a 
hand lever placed in a convenient position 
on each side of the wagons. In Britain the 
brakesmen are equipped with a short stout 
stick with which to exert greater pressure 
on the brake lever than can be made by 
hand. 

In some yards skids or brake slippers are 
used, but they are the exception rather than 
the rule, being confined to a small number 
of hump yards. 

The distribution of the shunting staff is 
varied according to the layout of individual 
_ yards. The general practice in hump yards 
is for the leading shunter to control the 
movement of the shunting engine and to 
manipulate the king points, another shunter 
(or shunters) controls the points in the next 
sections, assisted frequently by a brakesman, 
to prevent the cuts overtaking one another. 
The braking is undertaken in the sorting 
sidings by junior shunters, each taking 
responsibility for a group of sidings. ‘These 
men usually take up a position close to the 
points at the sorting end of the group. 

In flat yards the customary procedure is 
for the leading shunter to uncouple the 
various « cuts » and to signal to the driver 
of the shunting engine. A second shunter 
is responsible for manipulating the points 
and at some yards one or more brakesman 
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are employed to manipulate the hand 
brakes as may be necessary. 
On the Sudan Railways loose shunting 


of wagons is not permitted. 


Question 26. — In the case of hand operated 
skid brakes, do you rely upon the experience 
of the staff or are instructions issued in regard 
to the length of skid to be allowed? 


ANSWER. 


At places where hand operated skid 
brakes are used it is the invariable practice 
to rely on the skill and experience of the 
staff concerned. 

The determining factors, 1. e., gradient, 
curvature, number of wagons in the sidings, 
state of the rails, weight of wagons and the 
number in a rake, vary so much that 
experience is a more reliable guide than 
any predetermined formula. 


Question 27. — In the use of hand operated 
skid brakes, do you work on the principle of 
bringing the wagon to rest short of the prece- 
ding wagon in the siding so that the wagon 
may then move forward by gravity at such a 
speed as to bring it only very.gently on to the 
preceding wagon? If so, how is this arranged? 


ANSWER. 


The procedure is to bring wagons to a 
rest short of the preceding wagon in the 
siding. The skid is placed at a suitable 
distance from the last wagon in the siding 
to permit of the shunt gravitating gently 
foward, after the skid is removed, until 
contact is made with the other wagons. 


Question 28. — What is the proportion or 
percentage of wagons damaged either as the 
result of shunting or derailments? Is it lower 
in those yards where the methods referred to 
in question (27) can be applied? 


ANSWER. 


Very little use is made of skids in the 
countries consulted and the experience 1s 
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so limited that it is impossible to form 
definite conclusions. On the whole, the 
balance of opinion indicates that braking 
by the use of the hand brakes, with which 
all wagons are fitted in Britain, is efficient 
and less costly in braking staff than skid 
shunting. 

Apart from the British Railways, no 
particulars are available to indicate the 
proportion of wagons damaged or derailed 
in shunting but it is said to be very small. 
In Britain special records have been taken 
from time to time. They show a consider- 
able difference between yards, the lowest 
is 0.04 % in a flat yard and the highest 
0.1 % in a gravity yard. No figures are 
available to indicate the effect on liability 
to damage where skids are used. 
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PARW VIL 
Formation of trains. 


Question 29. — What is the general organi- 
sation in regard to the make-up of trains? 
Is this arranged in conjunction with scheduled 
train arrivals and the anticipated time at 
which these trains will have been disposed of? 


ANSWER. 


The organisation regarding the make-up 
of trains is an integral part of the overall 
train planning programme. It is based on 
experience coupled in Britain, with infor- 
mation derived from periodical analyses 
of traffic flows. The formation to be 
observed in each case is laid down either 
in the working timetable or ancillary 
documents. These planned arrangements 
may be adjusted from day to day to meet 
fluctuating conditions by the District Train 
and ‘Traffic Control staff who are in close 
contact with the Yard Master. 

The extent to which trains are required 
to be formed in a particular order depends 
upon a number of factors. In many cases 
the process of shunting into the sorting 
sidings satisfies all that is required, e. g., 
wagons intended for one destination or for 
another marshalling yard, full train loads 
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of coal and train loads of empties to 
colliery or port. 

In order to expedite transit and to relie, 
congestion at intermediate yards, many « 
the important freight trains are require 
to be marshalled in sections in a pre-dete: 
mined order and this is laid-down in th 
marshalling instructions. They are relate 
to the scheduled train arrivals and the tim 
at which incoming traffic can be mac 
ready for departure. It is frequently tl 
case that services for the conveyance 
important streams of traffic are laid dov 
in advance and the arrangements provi 
for the traffic being marshalled to facilitai 
exchange from one train to another | 
intermediate yards. | 

The problem of making up trains servill 
numerous intermediate stations is_ rath 
more difficult, as traffic for each point mu 
be marshalled together in the order md 
convenient for detaching en route. Detail! 
second sorting must, therefore, be under 
ken before such trains are age | 


Question 30. — In order to obtain the m 
efficient and economical method of work} 
is the make-up of trains left to the expert 
and initiative of the staff or are they requ 
to work to a pre-arranged programme? 


ANSWER. 

Apart from the two exceptions mentior} 
later, all the Administrations consul 
require the staff to work to a pre-arrang 
programme in the make-up of trains. 
instructions are set out either in the work 
time table or subsidiary publications. 
is claimed that where traffic flows are fa 
regular, this procedure produces the 
efficient and economical method of work 
as regards the yards themselves, the us 
train engines and crews and relia) 
service to traders. | 

The South African and Sudan Railw} 
rely to a much greater extent on the exp 
ience and initiative of the yard staff. 

In practically all cases the Dist~ict Conti 
are empowered to adjust the booked wa 
ing when necessary to meet traffic fluct) 
tions. 


| 
| 
| 
| 


| 
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Question 31. — Have you had experience of 
a system of « simultaneous formation » under 
which a number of trains are prepared at the 
same operation, t. e., the wagons for the first 
portions of three of four trains are set sucesst- 
vely in one siding, the second portions for the 
same trains in another, and so on, in such a 
way as to have the sections of three or four 
trains ready to be attached on arrival of the 
train engines? If so, have any advantages or 
economies been found to accrue from this 
arrangement? 


ANSWER. 


The Victorian and New Zealand Railways 
are the only undertakings which use the 
«simultaneous formation » system of mar- 
shalling. Itis regarded asa successful method 
of train formation which conserves siding 
accomodation and reduces the number of 
shunting movements to a minimum. 


Question 32. — What arrangements are 
adopted so far as the provision of brake vans 
is concerned, and how are wagons from adjoin- 
ing depots, such as tranship sheds, wagon 
repairing depots, etc., incorporated into the 
trains? 


ANSWER. 


Brake vans arriving on incoming trains 
are invariably used for outgoing services 
and where the number of terminating and 
starting trains is equal, no adjustments are 
necessary. Yards which despatch more 
trains than they receive require assistance 
and this is provided for in the control 
organisation under which arrangements 
are made for the transfer of brake vans from 
yards which have a surplus. 

It is frequently the practice to allocate a 
siding to accommodate brake vans but the 
actual method of placing them on the trains 
varies with the type of yard. In the case 
of single ended yards, it is customary to place 
a brake van at the end of each siding imme- 
diately after the departure of the train 
occupying it. In double ended sidings the 
van is usually placed on the train by the 
shunting engine when marshalling has been 
completed, although in some yards the vans 
can be gravitated on to the trains. 
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Local trains or trip engines are arranged 
to lift traffic from adjacent works and 
depots and the traffic follows the same course 
as that arriving on any other service. 
Where particularly urgent traffic is concern- 
ed, arrangements are sometimes made for 
it to be placed on the front of an outgoing 
train by the trip engine. 


Question 33. — In cases where there are one 
or more groups of departure sidings, how is the 
work distributed between these yards and also 
between these sidings and the main sorting 
sidings ? 

ANSWER. 


The most common case where trains 
depart from more than one group of 
sidings is in those yards which are located 
intermediately on main trunk routes and, 
because of their location, deal with streams 
of traffic flowing in opposite directions, 1. e., 
one north to south and one south to north. 
In such cases the distribution of the work 
between the yards is according to the 
traffic flow. 


Apart from this distinction it is frequently 
the case that in addition to what may be 
termed the main sorting sidings, there may 
be one or more groups of subsidiary sidings 
in which the roads are usually shorter. In 
certain countries, these sidings consist of 
additions which have been made over the 
years to supplement original installations 
outgrown by increases in traffic. 


The general arrangement, where subsi- 
diary groups are provided, is to use the 
main sidings for the normal sorting and to 
allocate the smaller groups for resorting 
traffic which must be marshalled in a specific 
order, for example wagons for roadside 
stations, local works, private sidings, etc. 


The principal distinction is, therefore, 
that the main sidings are used for the more 
important heavily loaded trains and the 
secondary sidings for local trains which 
convey relatively small loads. 
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PARA SVL: 
Shunting engines. 


Question 34. — How 1s the selection and power 
of the type of shunting engine to be employed 
determined? Have you had the opportunity 
of comparing the steam engine with a duesel, 
a diesel electric or an electric locomotive of 
similar power? If so, with what results? 


ANSWER. 


The selection of the type of shunting 
engine to be used is determined by the weight 
of the trains to be handled and the gradients 
to be negotiated. Several of the undertak- 
ings consulted have only two or three types 
available and the choice is, therefore, 
rather restricted. 


The engines used for hump shunting 
should be capable of propelling the heaviest 
train at the uniform speed necessary to 
conform to the rate of shunting for which 
the track and braking facilities are designed. 
On all shunting engines, the following are 
desirable features : 


(a) 
(2) 


rapid acceleration and deceleration. 


adequate braking power, preferably 
on all wheels, to obtain the maximum 
adhesive factor. 


(c) 
(2) 


quick-acting reversing gear. 
unrestricted view from the footplate, 
both to the front and rear. 

Most countries have built special types 
of engines to meet these requirements. In 
British yards the usual type is 0-6-0 tank, 
but in some of the heavier yards 0-8-0 and 
0-8-4 tanks are employed. The New Zealand 
Government Railways provide a 2-6-2 
tender engine built specially for shunting 
but 4-6-4 tanks originally designed for 
short distance suburban passenger work 
are also used. The Victorian Railways 
have three types of shunting engines with 


tractive efforts varying from 19,000 to 
21,840 lbs. 


Comparisons of steam engines with diesel 
and diesel-electric have been made on the 
British and the Sudan Railways and in all 
anstances the performance of the latter 
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compares very favourably with steam 

engines of similar power. They have many 

advantages over the steam engine, viz 

(a) Saving in staff costs, as only one man, 
instead of two, is employed on the 
footplate. 


(b) Ability to continue at work for lengthy 


periods, up to one week, without requi- 
ring mechanical attention or reple- 
nishment of fuel. 

(c) Quicker rate of acceleration. 

(d) Greater degree of manceuvrability. 


(c) Reduced maintenance charges and 
saving in fuel costs. 
Although exact comparisons are not 


available, experience indicates that a diesel 
engine is capable of dealing with approxima- 
tely 25 °4, more wagons than a steam engine 
under equivalent conditions. 

The South African and New Zealand 
Railways are experimenting with diesels 
but so far little experience has been obtained. 
The Victorian and Ceylon Railways have 
diesel engines on order. 

From the experience which has already 
been gained, there can be little doubt that 
diesel engines will gradually replace steam 
engines for shunting purposes at yards 
where the work is continuous. 

None of the undertakings use electric 
engines for shunting. 


Question 35. — How many men are employed 
with the types of shunting engine referred to 
in Question (34), i. e., footplate staff and 
other staff working with the engine (shunters, 
pilot guards, etc. )? 


ANSWER. 


The invariable practice is to employ two 
men on the footplate of steam engines — a 
driver and a fireman. 
one man is employed. 

Leaving out of account the shunters who 
turn the points and brake the wagons, 
shunters and pilot guards do not work 
with the shunting engines except when 
making transfer trips from one part of the 
yard to another. 


On diesels only | 
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Question 36. — How do you provide for a 
continuity of work during the time the shunting 
engine is standing for the purpose of taking 
coal, water or locomotive duties, either at the 
Shed or in the yard? 


ANSWER. 


The practice varies considerably accord- 
ing to local circumstances. At some yards 
where several engines are employed they 
are released to go to the shed every 16 or 
24 hours and they are replaced by a fresh 
engine before the first engine leaves the 
yard. Under this arrangement the releases 
are staggered to avoid more than one 
engine having to be replaced at a time. 
A somewhat similar arrangement is to 
provide a relief engine which takes over the 
work of each shunting engine in turn during 
the time it is at the shed for locomotive 
purposes. 


At yards where the shunting is not so 
heavy the engines are liberated periodically, 
usually at the time when work is slack and 
the absence of the engine is unlikely to 
cause undue difficulty. In isolated cases a 
local trip or train engine may be rostered 
to relieve the shunting engine for locomotive 
duties. 


Water columns are carefully sited at the 
most suitable points in yards to permit of 
water being taken with the minimum 
interference with shunting operations. 


Question 37. — To what extent is shunting 
in marshalling yards performed by train 
engines and under what conditions? Is it 
considered that advantages can under certain 
conditions be secured by this arrangement? 


ANSWER. 


At large yards it is not usual for train 
engines to perform shunting except perhaps 
to the limited extent of relieving shunting 
engines when the latter are taking locomo- 
tive duties, closing a road up prior to depart 
ing with a train, and for picking up loads 
from two or more sidings in order to form 
a train for departure. 
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A noteable exception is that of Mottram 
— a large yard in the Eastern Region of the 
British Railways — where the contour of the 
ground is such that it has been possible 
to lay out the sidings to permit of all the 
shunting being carried out by gravity and 
without the use of shunting engines. In this 
case the train engines have to undertake 
a small amount of yard work, e. on cae 
shunting out of damaged wagons, displaced 
loads, and the marshalling of urgent 
wagons on the front of the train when this 
is necessary. 

In the case of the smaller yards, where 
continuous shunting engines are not pro- 
vided, train engines may be called upon to 
do a limited amount of shunting. 

The principal advantage of using a train 
engine for the strictly limited operations 
referred to lies in its convenient location 
at the right time to do a particular job. 


Question 38. — What steps are taken to 
ensure that shunting engines are utilised to the 
best advantage and to full capacity, and how 
are they controlled in their work? 


ANSWER. 


The number of shunting engines and the 
periods which they are required to cover 
at each yard is laid down in advance, the 
programme being based on the normal 
volume of work to be undertaken. It is 
usual to issue this information in the form 
of a printed pamphlet or circular and the 
requirements are revised as necessary to 
meet seasonal changes and those of a more 
permanent character. In reviewing the 
requirements, the results disclosed by the 
statistical data of wagons shunted per 
engine hour during recent months are taken 
into account and whenever new train 
schemes are introduced, the effect on yard 
working is considered in relation to the 
effect on shunting power. 

Day-by-day supervision of shunting power 
is exercised by the Yard Master and his 
Assistants, who do not hesitate to return 
an engine to shed for a period when it 
can be dispensed with. 
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PART IX. 


Economy to he realised when the 
number of wagons to be dealt with 
is less than the complete capacity 
of the marshalling yard. 


Question 39. — During periods of falling or 
reduced traffics, other than day-to-day fluctua- 
tions, what means are employed to effect 
economy? Is it considered preferable to reduce 
the normal rate of shunting by reducing the 
number of engines and staff employed, or is it 
considered better to close down entirely one or 
more parts of the yard for a number of hours 
per day? What are considered to be the advan- 
tages or disadvantages of these two alter- 
natives? 


ANSWER. 


A variety of methods is used in Britain 
to effect economy when there is a fall in 
traffic, the principal being 


(a) the complete closure of a yard. 

(b) closure for one or two shifts. 

(c) closing of a group of subsidiary marshal- 
ling sidings at a yard. 

(d) where two engines are normally em- 
ployed, one may be dispensed with 
entirely or for a number of hours per 
day. 

(e) an extension of the hours during which 
a yard is closed or partially closed at 
week-ends. 

(f) the withdrawal of the relief engine 
which covers locomotive duties, where 
one is provided. 

(g) the release of a shunting engine, for 
periods, to cover local trip working, 
thus saving a local traffic engine. 


The extent to which these arrangements 
can be implemented depends upon the 
nature of the fall in traffic, the, effect on 
train working generally and on _ other 
yards and on the local conditions at the 
yard concerned. 

Where conditions permit, it is preferable, 
from the purely operating viewpoint, to 
close a yard entirely or for a complete shift, 
as this gives the greatest saving in engines 
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and men. But, the effect on transit time 
must be taken into account and, although 
there are isolated cases where yards have 
been closed for a shift, it is usually found 
that a reduction in the normal rate of 
shunting, by reducing the number of en- 
gines and staff employed, affords the most 
reasonable solution. 

The Victorian, South African and New 
Zealand Administrations report that they 
are very little affected by traffic fluctuations. 
The Pennsylvania Railroad adopts both 
methods according to local circumstances. 


Question 40. — When it is a question of 


traffic being light on one or two days only in 
the week, 1. e., Saturday, Sunday or Monday, 
do you close down certain parts of the yard 
during these days and under what conditions? 
If this involves the cancellation of certain 
trains, which classes are those first to be 
cancelled? Please comment on the advantages 
and disadvantages of these partial yard closures. 


ANSWER. 


The adoption of the five-day working 
week by many of the industries in Britain 
has had the effect of reducing appreciably 
the volume of traffic for conveyance on 
Saturdays and Sundays, and it is the prac- 
tice to balance this by arranging for the 
total or partial closure of the yards at the 
week-ends. Many of the yards are being 
closed from 6-0 a. m. on Sunday to 6-0 a. m. 
on Monday but the actual period of closure 
varies at different yards. ‘The position is 
reviewed immediately before each week- 
end, in the light of the general traffic 
conditions, when a decision is made res- 
pecting’ the extent of “the closures tombe 
effected. 

As regards the cancellation of trains, the 
time table provides for fewer trains on 
Sundays than on other days of the week 
and there are many services which are not 
planned to run on Saturdays and Mondays. 
This advance planning is based on past 
experience of the traffic flows at week- 
ends, and it is this factor which determines 
the particular trains not required to run 
on Saturdays and Mondays. 
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The position is examined prior to each 
week-end in relation to the circumstances 
then obtaining, and further trains may be 
cancelled if the position warrants such a 
course. Subject to the proviso that important 
trains normally conveying urgent and 
perishable traffic are maintained, the deter- 
mining factor is invariably the quantity 
of traffic offering for conveyance, and the 
trains to be cancelled first would be those 
for the directions in which traffic was 
lightest. 

The advantages of a partial closure at 
the week-ends are : 


(a) an appreciable saving in fuel and wages 
costs. The fact that a higher rate of 
remuneration is paid for Sunday work 
has an important bearing on the savings 
made. 

(b) the cessation of work permits of signal 
boxes being closed. 

(c) the staff are given a rest day which is 
beneficial from the health point of 
view. 

(d) it provides an opportunity for the 
engineering staff to carry out repairs 
and renewals, unhampered by move- 
ments of traffic. 


The disadvantage of closing down is 
that traffic is delayed, but in a country like 
Britain where distances are relatively short, 
and many firms, because of the five-day 
week, do not accept traffic on Saturdays 
and Sundays, this may be more apparent 
than real. 

The Pennsylvania Railroad closes down 
sections of yards when the volume of traffic 
justifies such a course. The trains cancelled 
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first are slow freight, mineral and _ local 
Services. 

Most of the other countries consulted 
do not meet with much difficulty owing 
to traffic fluctuations and no special measures 
are taken. 


Question 41. — During a prolonged period 
of very low traffics, 7s it found possible to close 
certain yards either entirely or partially? 
What would influence you in your decisions 
in this case, and how would you assess the 
consequence of these closures? 


ANSWER. 


Only in the most exceptional periods of 
very low traffics would it be possible to 
close a large marshalling yard down 
altogether, but small and intermediate yards 
can often be closed and, in point of fact, 
there are numerous instances in Britain 
where this has been done during the past 
year. At the large yards partial closures 
have been made in some cases. 

A decision would be based on the econo- 
mies to be realised in relation to the possible 
adverse effect on transit time of important 
traffic. 

In any scheme for the closing, or partial 
closing, of a yard one of the preliminary 
steps is to ascertain exactly what traffic 
is concerned and to plan alternative methods 
of dealing with it, usually through adjacent 
yards. From such an analysis the effect 
on transits can be assessed and _ special 
arrangements formulated to eliminate the 
most objectionable features. 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


15th. SESSION (ROME, 1950). 


QUESTION II. 


New technical methods adopted for the design and 


con- 


struction of large marshalling yards. 


Lay-out and equipment : 


Site and importance of siding groups ; 
Lay-out of connections at entrance to groups ; 
Longitudinal and cross sections ; 

Braking installations (Retarders) ; 

Control of point (switch) operation ; 


Telecommunications ; 
Lighting ; 
Staff buildings, etc. 


REPORT 


(Austria, Belgium and Colony, Bulgaria, Czechoslovakia, Finland, Greece, Hungary, Jugoslavia, 
Portugal and Colonies, Rumania, Spain, Sweden and Turkey), 


by J. VAN Ryn, 


Ingénieur en Chef a la Direction de la Voie de la $ociété Nationale des Chemins de fer belges. 


Of the Railways who replied, a fairly 
large number stated that they could not 
give any useful information either because 
they have no marshalling and making up 
yards, or because they have not made any 
interesting modifications to their instal- 
lations in the last twenty years. 

Our report is based solely upon the 
replies received from the Austrian State 
Railways, the Belgian National Railway 
Company, the Finnish State Railways, the 
Portuguese Railway Company, the Mo- 
zambique Colony Railways and the Spanish 
National Railways (R.E.N.F.E.). 

We will follow the same order as the 


8 


questionnaire; consequently we dot not 
think it necessary to reproduce the questions. 


Siting and importance of the groups 
of sidings. 


The various shunting yards built or 
modernised by the above mentioned rail- 
ways during the last 20 years are given in 
Table I which sums up the information 
received from these railways about each one 
of them. 

Double yards are rare; when the confi- 
guration of the railway and the distribution 
of the traffic makes it possible to find 
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suitable and sufficiently large sites, single 
yards in different places are preferred to 
double yards; the latter should only be 
considered when the importance of the 
local traffic (traffic from a port for example) 
or the extent of the district served, due to 
the configuration of the railway, results in 
more traffic than can be dealt with in a 
single yard. They can also be justified 
when there are two distinct traffic currents, 
with no exchanges of traffic between them. 
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The traffic limit of a single yard is 
considered to be 3 000 to 3 600 wagons at 
peak periods. In the particular case of 
Pasila yard, in Finland, a double yard was 
preferred although there are only 1 400 


wagons, because the whole of the work is _ 


done at night. 

The essential elements of the making up 
yard are the reception sidings and the 
marshalling sidings, placed one after the 
other whenever the site is big enough. The 


TABLE I. — Marshalling yards built or modernised since 1929. 


Peak traffic Number of tracks 
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oe) Se 2: 2 a 
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IYOTCL) a ocgaciproin be 6 2600] 59 45 19 15 15 53 40 8 — 
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Spain : 
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marshalling yard is often also used for 
making up. In Belgium the marshalling 
sidings are grouped for this reason on the 
opposite side to the shunting hump, into a 
variable number of sections each with an 
independent access road each of which can 
be used as a making up yard. In addition 
a certain amount of making up is done at 
the shunting hump, when there is not much 
shunting going on though the making up 
control post is very busy. 

The number of making up yards is 
determined after a very detailed study of 
the traffic; in principle there should be as 
many as there will be shunting locomotives 
working at the same time. This usually 
means three making up sidings per mar- 
shalling hump (see Fig. 1), when half the 
trains are made up geographically, taking 
into account all the duties of the making 
up yard. 


Where the importance and special features 
of the local traffic justifies having a separate 
group of sidings, this group is also used for 
geographical making up, to relieve the 
main group. This group is usually sited by 
the side of the marshalling sidings. At 
Sacavem yard (Portugal), two small geo- 
graphical marshalling groups of sidings will 
be provided, directly connected with a 
departure group (Fig. 2). 

The various Railways who replied provide 
sidings for trains waiting to leave. Some- 
times these sidings are grouped into a 
separate group, and sometimes they are 
part of the marshalling and making up 
groups, although in this case they are not 
connected up with the shunting hump. 
This arrangement, which is very wides- 
pread in Belgium, means that the making 
up yard will have the shape shown in 
diagram form in Figure 1. 


When the waiting sidings are completely 
distinct groups, it is better to site them as 
an extension to the marshalling and making 
up groups, in order to limit the amount of 
shunting involved. 

Reliefs of passing trains take place in 
the reception sidings, or the departure 
sidings, when there is a separate group of 
sidings for this purpose. A special group 
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of sidings is only provided when such relief 
takes place frequently without any wagons 
being left or collected; the siting of this 
group of sidings depends upon local cir- 
cumstances. 


Only the Mozambique Railways report 
having made special provision in the 
marshalling yards to send registered wagons 
directly from the trains bringing them in 
to the trains which will take them away. 


Various steps are taken to prevent as far 
as possible interference between trains 
entering and leaving the yard, and the 
train locomotives, and shunting operations. 
There are generally lines running round 
the groups of sidings; if this means too long 
a journey for many locomotives, it can be 
shortened by diverting the lines for the 
locomotives under the marshalling hump 
(Belgium, Finland, Portugal). At Sacavem 
yard (Portugal) a line is provided at the 
lead in to the reception group to avoid 
trains running into this group on the hump 
side; this access line will eventually be 
replaced by a loop. 


The number of cases of interference can 
be reduced still further by making a direct 
connection to about one quarter of the 
reception sidings, without passing by the 
hump. The drawbacks of trains possibly 
getting held up are lessened by making the 
arrival sidings at least as long as the average 
train; in this way any train which cannot go 
immediately to the sidings can stand on this 
line without blocking the main lines. 


Departures from the marshalling group 
of sidings, on the making up side, only 
interfer with the latter, which does not 
cause much inconvenience, as the work is 
less continuous than the marshalling. How- 
ever we try not to interfer with the working 
of several sidings at the same time; with 
this object the lower group of sidings are 
either linked up directly with a side line, 
or equipped with a special departure line 
between the making up dead ends. If 
there is not room to site this line between 
the access lines it is grafted on at the end; 
this is not such a good arrangement, as it 
means that a rake cannot be left standing 
on the shunting line while a train is leaving. 
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In principle, trains leaving must not be 
allowed to interfer with the marshalling. 
When the trains have to leave on the hump 
side from certain marshalling lines, these 
must necessarily be the outer lines of the 
group and are provided with a special 
departure line. Thanks to the profile that 
can be given to this line, it is easier for the 
trains to leave by it than through the end 
of the group of sidings. Figure | shows 
these different arrangements in diagram 
form. 


To determine the useful length of the 
sidings, the effective length of the trains 
must be taken into account, not overlooking 
the fact that this may be increased in the 
future, as well as the additional length that 
may be needed at the ends of the sidings, 
either for shunting, or so as not to hinder 
the shunting onto certain sidings which 
have already got a sufficient number of 
wagons to form a train, when it has not been 
possible to draw the latter. For example, 
these conditions have led to the following 
lengths : in Belgium, reception 650-750 m 
(710-826 yards), shunting and forming 
700-800 m (765-875 yards); in Portugal 
reception 550 to 600 m (601-656 yards), 
shunting 600 to 650 m (656-710 yards), 
departure 500 m (547 yards). 


The number of sidings in each group 
depends on the analysis of the traffic 
expected. In the reception sidings, the 
number of trains and rakes received per 
siding in 24 hours varies from one yard to 
another, according to the distribution of 
the traffic over the 24 hours; an average 
of 4 trains per siding per day would seem 
the most usual. The total number of 
shunting sidings is determined by a graph 
showing the rate of filling up; in Belgium 
this generally corresponds to one siding per 
60 or so wagons shunted. Out of this 
total number, only a proportion, corres- 
ponding to the number of cuts, are con- 
nected to the shunting hump; generally a 
number is chosen which will give a regular 
layout of the lead in to the group of sidings, 
32, 40 or 48 tracks. In Finland, it is con- 
sidered that in the most important yards, 
it is necessary to provide two tracks for 
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each class of train in each direction, so that 
the work at the hump will not be inter- 
rupted when one of the sidings is full of 
wagons or when the length of the train is 
completed. In Austria, it is recommended 
that an additional 25 °%, be provided in the 
reception group of sidings and 20° in 
the shunting and making up groups, in case 
any difficulties arise in sending out the 
trains. 


Layout and construction of the groups 
of sidings. 


Two access lines to the main shunting 
hump are generally provided, to enable 
continuous shunting to be carried out, using 
two shunting engines; such lines are also 
necessary where there are two humps of 
different height. Hump by-pass lines are in 
general use; they make it possible to send 
away trains from the going out end of the 
marshalling sidings, although this is not 
often done when there are departure sidings. 
Austria and Finland make use of two humps 
of different heights, known as the summer 
hump and the winter hump; their use, 
however, does not depend entirely upon the 
seasons, but also on the climatic conditions 
each day. 

The distance between centres of the 
oo in the groups of sidings is 4.50 m 
(14’ 9 7/16”) to 4.80 m (15’ 9”) .(rolling 
stock gauge Cylah. saa) | Ne Reng Saat 
Portugal it is as much as 5.00 to 5.80 m 


(16’ 5” to 19’ 0 1/2”) (wide gauge). From 
time to time — varying .according to the 
railway — this is increased to eae room 


for the colour light signals, lighting masts 
or supports of the overhead wires (up to 
6 m [19’ 8 1/4”] in Austria). 

The minimum radii allowed are 175 m 
(574' 1 3/4") about the ee and crossings, 
and even 150 m (492’ | 1/2”) just beyond 
this area. 

In general, there is not any track equip- 
ment reserved for the marshalling group of 
sidings; only in Belgium is use made of 
special short switches, symmetrical, with 
the following characteristics; total length 
17.856 m (58’ 7"), crossing angle 8° 57! 1” 
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(tg 0.157495), radius of curvature 175 m; 
by using such equipment, a lead-in to a 
48 track group of sidings, with two hump 
lines, is only 272 m (892' 4 3/4”) long from 
the top of the hump to the free sidings. The 
first branch, which is always automatically 
controlled in Belgium, is at least 30 m 
(98 5 1/8") from the top of the hump. In 
Austria, this distance is reduced to 21 to 
24 TA (OS VLOGS IA” to7 887) eathisgeven 
proposed to make it 20 to 25 m (65’ 7 3/8” 
to 82' 1/4”) when automatic operation of 
the equipment is introduced. 

The rails used are everywhere the same 
as the current types on the railway; the 
ballast, according to the case, consists of 
cinders, slag, gravel or broken stone. The 
latter is recommended under the switches 
at the marshalling lead-in. The yards are 
drained when necessary. 


Longitudinal and cross sections. 


None of the Railways who replied have 
any yards on a continuous slope; the 
Finnish Railways consider however that 
such an arrangement has certain advantages. 


In yards where shunting locomotives are 
used, the reception group of sidings is on 
the level or on a slight slope (2 °/o9 maxi- 
mum) towards the hump. In the case of 
the marshalling groups, a basin shaped 
profile is generally adopted; in Belgium the 
slope of these tracks after the points and 
crossings varies from 1.5 to 2.5 °/99 accord- 
ing to the curvature; this leads to a slightly 
cambered profile. ‘The Austrian Railways 
intend to adopt a similar arrangement, in 
order to make up for the greater running 
resistance on the outer tracks. The depar- 
ture sidings are generally on the level. 
Finally raising up the reception sidings or 
the shunting dead-ends in comparison with 
the marshalling or making up _ sidings 
facilitates bringing up the rakes to the 
hump. 

The average gradients between the top 
of the hump and the free sidings vary a 
great deal (7.7 to 16 °/oo); Fig. 3 gives a 
certain number of longitudinal sections of 
marshalling humps. In Austria and Bel- 
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gium, it is considered best to have a slight 
gradient, of 2 to 3 °%/o9 beyond the track 
brakes. 


The maximum gradients allowed in the 
case of train locomotives is 25 9/99; in the 
case of shunting locomotives it may be as. 
much as 60 °/oo. In the longitudinal 
section the minimum radius of transitions | 
is 300 and even 200 m (984’ 3” and even 
656’ 2”) in the case of lines that are only 
run over by shunting engines; they are — 
about 500 m (1 640’ 5”) for train loco- 
motives; these limits are determined by the 
need to prevent derailments. 


Brakes. 


Amongst the Railways covered by the 
present report, only the Austrian Railways 
use track brakes, using Thyssen jaw type 
brakes (Frélich) and shoe type brakes 
made by Biissing; the Belgian Railways 
are now installing Westinghouse brakes. 

These brakes are only used in connection 
with the marshalling hump, in the first 
braking zone, to obtain the preliminary 
braking and spacing braking; in the second 
zone skids put in position by hand are used; 
in Belgium these skids are thrown clear by 
means of deflecting rails 40 m (131’ 2 3/4") 
away from the joint of the last switch (end 
of run braking). On the making up side, 
nothing but hand placed skid braking is | 
used. 


In Austria the shoe type track brakes are | 
each looked after by an employee, whereas | 
the same man is responsible for two Thyssen 
brakes; in Belgium, a single man is expected 
to look after all the brakes of a lead-in; | 
in the case of skid put in position by hand, 
one man is used for each group of 2, 4 or 
even 6 sidings. The track brake control box 
is sited on one side of the lead in to the 
group of sidings, about the middle plane of 
the brakes. | 


The arrangements adopted assure satis- 
factory braking; it is only necessary to use 
the wagon hand brakes in the case of special 
transport; in Austria however every group 
of 6 loaded axles or 10 unloaded axles 
must have a hand brake. 
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Fig. 3. — Longitudinal profiles of marshalling humps. 
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In the case of the Thyssen (Frdlich) 
brakes used in Austria, the braking effort 
is limited by the weight of the wagon, plus 
its load; this effort can be regulated and 


= AUSTRIA. — FINLANDE = 


FINLAND. 


can be adapted to the type of wagon. 
Narrow tyres require a _ strong brake 
application; greasy wheels lessen its effi- 
ciency. 
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The brakes on order for the first Belgian 
track brake installation are Westinghouse 
type.o4 brakes, 25%m-.(/5 “)) Lj4") long 
Their power is such that when installed on 
a gradient of 10 °/9°, they make it possible 
to slow down a free running wagon, or a 
rake of a given number of free running 
wagons from a maximum of 7.30 m (8.30 
yards) per second to a maximum of 4 m 
(4.37 yards) per second; this supposes a 
maximum weight of 40 t for four wheeled 
wagons and 68 t for bogie wagons. 

The Thyssen brakes are not divided; it 
may be necessary to install two, one after 
the other. The Belgian Westinghouse 
brake consists of two electrically insulated 
parts, and two parts which can be worked 
separately; the divisions do not necessarily 
coincide. 

The Thyssen brakes cost 40 000 Reichs- 
marks in 1940, including the operating gear; 
the engines also cost 40 000 Reichsmarks. 
The Belgian installation still being only 
under consideration it is not possible to 
give any details about the cost. 


Centralised 
control of the marshalling switches. 


Centralised control of the marshalling 
switches can be either by hand. or by 
motor. When hand operated, it takes 2 to 
3 seconds to get the change-over, and 0.8 
to 1.5 seconds by motor. 


Premature operation of the switches is 
prevented by providing an insulated rail in 
front of the points long enough for the point 
to travel its full course while a wagon is 
running over the insulated rail. When 
trains have to be accepted on a marshalling 
siding in exceptional cases, it is considered 
sufficient to put the switches out of operation 


by an elastic system, except in the case of 


the lead in switch which is put out of work 
in the same way as points and crossings on 
the main lines; no special safety precautions 
are taken during other shunting operations 
than marshalling. In Belgium, if there is 
a breakdown in the supply of current, the 
motors are worked by hand; there is no 
arrangement to enable them to be worked 
rapidly by hand. In Austria, standby 
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generators are used, driven by petrol or 
diesel engines to supply alternating or direct 
current. 


In Austria as in Belgium, in the case of 
automatic installations, only the lead in 
switches are automatically controlled. In 
future Belgian installations, all the branches 
will be controlled automatically. 


Thanks to this system, it is hoped that 
the employee responsible for operating the 
brakes will be able to supervise the mar- 
shalling; this will do away with two signal- 
men normally required to operate the 
points and crossings. 


In the old Belgian installations, there was 
no arrangement for keeping the wagons in 
their proper order after they had caught 
one another up. The route taken by a cut 
is in fact controlled by the previous cut, 
as the insulated rails are freed. When 
one cut has caught up with the previous one, 
marshalling is therefore immediatly stopped. 
In one installation which has just been put 
into service, where only the lead-in switches 
are automatically controlled, there is an 
electric diagrammatic device to maintain 
the correct order of cuts following those 
which have caught up with the previous 
one. ‘This will also be done in the projected 
installations, where all the switches will be 
automatically controlled. This will be 
achieved by making the cut itself operates 
the route control; transmission will take 
place stage by stage by having an insulated 
rail in front of the cut in question. In 
addition, at the beginning of the marshalling 
group there will be a counting system for 
the cuts, consisting either of an insulated 
rail or a photo-electric cell. Each time a 
cut passes the lead-in, a selector moves 
forward one notch in order to prepare the 
recording of the destination of the following 
cut. ‘The route of a cut cannot therefore be 
affected if two cuts catch each other up in 
front of it. 

The box from which the marshalling is 
controlled is sited on the side of the lead-in; 
if wack brakes are provided, the box is so 
sited that the brakesman is in front of the 
braking areas. On the making up side, 
each siding is controlled as a general rule 
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by a box in the lead-in. Its site is selected in 
such a way that all the switches to be 
operated are visible. In certain cases where 
the topography of the site is particularly 
favourable, two sidings can be controlled by 
a single box built either on the ground or 
raised up. 


The boxes generally have their floors 
sufficiently raised up to give good visibility 
over the marshalling yard, in spite of the 
presence of wagons on adjoining lines. The 
windows are made as large as possible, 
with penthouses to protect them from the 
sun. 


Communications by signals, 
telephones, loudspeakers, radio, 
teleprinters, pneumatic tubes, etc. 


The yard foreman is in communication 
with the various parts of the yard by signals, 
telephones or loud-speakers. 


In Belgium, in the new installations, the 
marshalling yard foreman works in the box 
from which the switches of the lead-in and 
the track brakes are operated. The only 
employees working in the yard are therefore 
the shunting engine staff, the second line 
brakesmen, and usually a chief shunter or 
inspector. 


In the case of the shunting sidings, com- 


munications are relatively simple. ‘They 
include : 

1) communication between the yard 
foreman and the shunting engine. ‘This is 


done by light signals day and night, at the 
top of the hump and on one or several posts 
along the reception sidings or the con- 
necting line. Klaxon horns or sirens call 
attention to any change in the signals. 


Two way communication by radio be- 
tween the yard foreman and the drivers of 
the shunting engines is under trial at 


Schaerbeek yard. 


2) communications between the yard 
foreman, the inspector out in the yard and 
the second line brakesmen. ‘This takes 
place by means of an installation using 
bells, microphones and loud-speakers. “Two 
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way communication is also provided be- 
tween the brakesmen and the man at the 
hump. 

The making up yard foreman usually 
works out in the yard. Communication by 
microphone and loud-speakers enable him 
to get in touch with the train signal box, 
the boxes from which the points and cross- 
ings of the making-up group of sidings are 
operated, and the shunting foreman. Com- 
munication between the yard foreman and 
the shunting locomotive is by means of 
light signals and klaxon horns. In certain 
cases a siren has been installed in the middle 
of the sidings, to give a stop signal to the 
locomotive when the rake it is pushing goes 
too far and is in danger of fouling the 
switches on the other lead in to the sidings. 


The central control box (regulator) is 
linked up by telephone with the yard 
foremen and the signal boxes. There is no 
point in the shunting foremen, pointsmen, 
inspectors and shunting locomotives being 
able to communicate with each other, as 
the yard foreman is responsible for their 
work. 

Telephone communications should in 
principle be made through a central auto- 
matic exchange. 


In Belgium, in important marshalling 
yards, the regulator is equipped with 
special dispatching apparatus. This instal- 
lation is altogether identical to that of a line 
dispatching installation; the man in charge 
of the marshalling is listening in all the 
time on a special circuit known as the 
regulating circuit. All the signal boxes of 
the yard and its neighbourhood are linked 
up with this circuit as well as the different 
yard foremen, foreman’s depot, locomotive 
shed, and various accessory services. 


Only Austria mentions the use of 
pneumatic installations to carry the way- 
bills; on other Railways, this is still done 
by courrier; it is generally recognised 
however that some mechanical arrangement 
would be extremely useful. 


Below we give certain details about the 
equipment used in Belgium with their bell 
system and radio installations. 
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Bell systems. speakers in a marshalling yard. Figure 5 
gives a diagram of an amplifier. 
Figure 4 shows part of a plan giving the The output power of the amplifier used 


arrangement of microphones and loud- is 15, 25 or 50 watts according to the 


AMPLIFIER PANEL 


OSS, Gs) (alts is iLis) 


Entree 


254 


NB 
W/ La valeurces resistances Riet R2 
est determiné sur place, lorsdela 


mise en service (Circuit de contre réaction ) 


27 Le potentiométre P est reglé lors de la 


i S, 100 
1 MFI 
500 
Ka 
6C5 [6L6 
e[a000eee]e 


6.5V+HS OSV 6,5 


mise @n Service, pour obtenir le minimum 
de bruit de fond 


PLATINE ALIMENTATION 


Do Secteur, 


130V 110V 


220%. ‘ 3 Secteur 


FEED PANEL 


Fig. 5. — Amplifier — 15 Watts-standard. 


N. B. — 1) The value of the resistances R1 and R2 is determined on site, when the equipment 1s put 
into service. (Counter reaction circuit.) a f 
2) The potentiometer P is regulated when put into service, to obtain the minimum of background noise. 
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number of loud-speakers to be operated 
simultaneously. ‘The distortion is less than 
3% at the power indicated. 

The amplifiers are fitted with an auto- 
matic volume regulator, intended to make 
the amplification of the sound as indepen- 
dent as possible of the tone of voice in 
which the announcement was made into 
the microphone. 


The amplifiers have a lineal answering 


Fi (premier pose fixe) 
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Radio communications. 


The radio equipment under trial in 
Belgium is of the two way type. The fixed 
post isin the marshalling box; the moveable 
posts are on the shunting locomotives. 


The installation now under trial works on 
a single frequency (80.5 MHZ). This has 
one drawback : as the different locomotives 
used in the marshalling yard pick up all 


F2 (second poste tire) 


Fosles mobiles au triage. 


Posles mobiles de la formation, 


Connections between F, and F> and all the mobile posts. 


fy. 157.50 f'y 158.34 
fo 157.62 f'2 158.46 
fa. WoT. 74 F's, 158.58 
f4 157.86 f'4 158.70 
fs 157.98 f's 158.82 
He VO 0 jig WBC 
Fi 158.22 fy 158.22 

==>  1hECMEAOT Ol Ganson, 
Fig. 6. — Distribution of the frequencies (final scheme). 
N. B. — FI (premier poste fixe). = (First fixed post) — F2 (second poste fixe). = (Second fixed post). 

Postes mobiles du triage. = Mobile marshalling posts. — Postes mobiles de la formation. = Mobile formation posts. 


curve between 50 and 10000 HZ at 
+ 3 decibels. Tone control makes it 
possible to lessen serious frequencies below 
300 HZ. The background noise must be 
at least 50 decibels lower than the nominal 
output level. 


The electronic valves are only under high 
tension while the announcement is being 
made. ‘The microphones are of the electro- 
dynamic type, the loud-speakers have a 
25 watt compression chamber; their cutout 
frequency is less than or equal to 250 HZ. 
The cables used with the microphones are 
specially lined to prevent magnetic and 
electrostatic induction. The loud-speaker 
cables are of the ordinary telephone type. 


the announcements including those which 
do not concern them, there is no doubt but 
that the attention of the driver is distracted 
and they may overlook an order to stop 
that does concern them. 


Consequently in the installations that will 
shortly be put on trial, there will be a 
different frequency for each locomotive. 
In a station where radio is to be installed 
in two separate yards, for example the 
marshalling and the. making-up yards, the 
frequencies will be divided up as shown in 
Figure 6. The frequencies that will be used 
on the locomotives have not yet been 
definitely decided by the department con- 
cerned of the Telephone and Telegraph 
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Services, but they are likely to lie in the 
157 to 162 MHZ range. 

Figure 7 shows PYE equipment under 
trial at Schaerbeek making up yard (fre- 


BULLETIN OF THE INT. RatLway ConGRESS ASSOCIATION 


443/59 


Various troubles were experienced when 


the installation was first put on trial, due 
in particular to a lack of regularity in the 
supply current from the turbo-alternator 


These posts are fed 
by turbo-alternators of 24 volts 1 000 pe- 


riods. 
Figure 8 shows a mobile post 
shunting locomotive; Figure 9 the fixed 


post in a signal box. 


quency 80.5 MHZ). 


on a 


and the lack of strength of the equipment. 
The equipment on the locomotives was in 
fact based on that used in motorcars, and 
did not take into account operating condi- 
tions on a locomotive (shocks, coal dust, 
dampness, temperature). 
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The apparatus which will shortly be put 
on trial are of American construction 
(Bendix). The frequency can be modulated. 
The supply current at the fixed post will be 
50 watts, and that of the mobile posts 
15 to 20 watts. The mobile posts will be 
fed by a turbo-dynamo supplying 500 watts 
under a tension of 24 volts d. c. 

In Spain trials of two way communication 
by radio have been made with two types 
of equipment : 

1) by frequency modulations and wave 


Fig. 


lengths of about 7 m, fed from the railway 
supply or batteries : 110 volts, 6 v; 

2) by so called « Walkie-Talkie » equip- 
ment, or receiving and transmitting bat- 
teries with minature valves, assembled 
together in the same micro-telephone. The 
wave length used with such equipment is 
about 50 m. 


Lighting. 
The lighting at ground level must be 
good enough for the waybills to be read 
and the tickets on the wagons, as well as 


to enable any obstacles between the tracks 
to be observed. 
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In Austria 12 m (39.37 ft.) masts pro- 
jecting a penetrating cone of light have 
given good results. At Salzbourg-Gnigl, 
there is also a mast with 8 floodlights. 

In Finland, in the most important mar- 


shalling yards, high posts or columns_ 
with oblique lighting are used. In average 
sized yards, electric lamps are used. No 
special arrangements are made when it is 
foggy, except that sometimes the signal 
lights are reinforced. | 
In Lorenzo-Marques yard, groups of 
| 
| 
8 
floodights giving oblique lighting are 
provided. 


In Belgium, in nearly all the area be- 
tween the hump and the end of the second 
braking zone, the practice is to have a 
minimum lighting of 0.7 lux on the hori- 
zonal plane. This is usually obtained by 
the use of lamps on posts, evenly distributed 
throughout the area, the lighting on the 
most favourable level not being much 
greater than that obtained on the horizontal 
plane. In the groups of sidings, the posts 
carrying the lamps are some distance apart, 
so that the minimum lighting in the inter-_ 
mediate areas may be as low as 0.1 lux. 
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The two conditions that have been 
sought after in recent lighting installations 
are : 


a) to make obstacles and moving objects 
visible between the poorly lit vertical faces 
and the strongly lit horizontal plane; 


b) prevent any possibility of dazzle by 
diffusing the light through deep reflectors. 
The installation which best meets these 
desiderata is that consisting of multiple 
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Austria reports the use of 
vapour lamps. 
In Spain, it is considered that the mini- 


mum lighting should be : 


mercury- 


9 lux in the busy lead in areas, 

3 lux in the groups of sidings. 

Floodlighting groups on towers about 
25 m (82 ft.) high are used, with oblique 
lighting compared with the direction of the 
traffic. 


Fig. 


lighting points, placed as high as possible 
(11 m [36 ft.] or higher), the light from 
which falls as vertically as possible. This 
arrangement also gives the best results in 
foggy weather. It has the drawback of 
taking up space in the sidings because of the 
many lighting masts. Consequently it has 
been decided, in agreement with the 
Operating Department which wishes to 
make the lead in to the groups of sidings 
very close together, to use flood-lighting. 
The first such installation will be carried 
out at Courtrai. ; 


Buildings. 

In addition to the signal boxes, the 
buildings required are offices on both the 
arrival and departure sides, rooms for the 
staff — cloakrooms, canteens, dormitories— 
stores, a main building containing the mar- 
shalling box, the place from which the 
track brakes are operated, various offices, 
Ei. 

All the Railways group the buildings 
together as much as possible, and site the 
main building in the centre of gravity of 
the yard, i. e. near the marshalling hump 
and track brakes. 
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QUESTION X. 


Drawing up the financial balances regarding passenger and 
goods services taking into account the prime cost of trains : 
per category, per line and per type of motive power. 


Principles and methods of calculation. 
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I. INTRODUCTION. 


As in manufacturing and marketing, one 
is trying since a long time to develop 
methods to determine the relative profit- 
ability of the various branches of railway 
production. Although the production of an 
enterprise as a whole shows a profit, certain 
branches of production may be unprofitable, 
so that, if production in these branches was 
reduced or withdrawn, the total profit of 
the enterprise would increase. ‘The adminis- 
tration of a railway enterprise must, of 
course, try to discover such unprofitable 
branches of production, in order to be able 
to take effective measures, with a view to 
improve the business economy, €. §. by 
raising the tariffs, reducing or entirely or 
partially withdrawing the branch in ques- 
tion. Often the cause of such unprofitable 
branches of business is — to cite an American 
distribution cost expert — that the mana- 
gement follows a laissez-faire attitude in 
regard to the direction of marketing effort. 
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The result may be a disproportionate 
allocation of efforts in relation to the poten- 
tialities of various branches of market of the 
enterprise, so that much effort, and there- 
fore many expenses, has to be spent in 
order to bring in only a fraction of the 
sales volume. 


As an example of such an unfavourable 
relation between expenses and revenues of 
a certain fraction of the sales volume it 
may be said that, when the Swedish State 
Railways in 1933 examined the composition 
of their parcels goods (LCL) traffic, it 
turned out that the number of shipments 
of 30, respectively 60 kg of maximal weight 
was not less than 40.2, respectively 63.5 % 
of the total number of shipments, while the 
weight, and in consequence the revenues, 
of such small shipments was only 9.1, 
respectively 20.4 °% of the total revenues 
of the parcels goods traffic. In consequence 
of that a simplified way of handling and 
billing such small shipments was adopted. 
This made possible certain savings in operat- 
ing expenses. Moreover some years ago the 
tariffs for such small shipments were increa- 
sed relatively more than for the rest 
of the freight traffic. By means of these 
two measures the relative profitability of 
this fraction of the freight traffic was consi- 
derably improved. 


Management can often reduce costs and 
increase profits by abandoning a laissez-faire 
or complete-coverage policy as regards the 
direction of marketing effort, replacingit by 
a policy of directing or confining marke- 
ting efforts as much as possible to profi- 
table customers, order sizes, sales territories, 
commodity lines, etc., a policy which is 
often called selective selling. 


Unprofitable branches of the railway 
traffic can be localized by cost and revenue 
analysis, and railway management is then 
in a position to decide if and in what way 
the losses of these branches can be reduced 
and possibly turned into profit. In the 
railway industry such cost and revenue 
analysis in order to determine the relative 
profitability of various branches of railway 
traffic was started nearly as early as the 
railways themselves. Two such calculations 
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occur, for instance, in a study of 1836 by 
the Austrian engineer Franz Anton von 
Gernstner, concerning the first railway in 
Russia between St. Petersburg and Zar- 
skoje-Selo. Here v. Gerstner endeavours to 


determine «the proportion between the — 


net-revenues from the passenger traffic and 
the net-revenues from the goods traffic » 
On basis of specified accounting data con- 
cerning costs and revenues during certain 
years of the English Liverpool-Manchester 
Railway and the French Lyon-St. Etiennes 
Railway v. Gerstner gets an operation ratio 
(proportion in per cent of railway operating 
expenses to railway operating revenues) of 
passenger traffic and goods traffic of 46.6 %, 
respectively 64.8 °% for the Liverpool- 
Manchester Railway, and of 58.6 %, 
respectively 75.9 9, “for the Lyon-s@ 
Etiennes Railway. Then v. Gerstner uses 
this statement about the relative profitability 
of passenger and goods traffic for his prog- 
nosis about the probable result of the 
Russian Railway project. 


Calculations like v. Gerstner’s that were 
meant to make clear the question about 
« the proportion between the net-revenues 
of the passenger traffic and those of the 
goods traffic» were later on applied to 
different railway enterprises over the whole 
world, to various extents and according to 
different methods, either as a routine from 
year to year, or only as special investigations 
on certain occasions. The interest in such 
calculations as for cost analysis and cost 
control on the part of the railway manag- 
ements has been varying with the econo- 
mic state of affairs, and has always been 
most intense in times of small traffic 
volume. 


The present situation as regards these 
« profit and loss statements » of passenger 
and freight service is made clear by the 
answers from various administrations con- 
sulted. It is interesting to note that only 
a few of the railways in the countries con- 
cerned (Scandinavian countries, Great Bri- 
tain, British Commonwealth, U. S. A. and 
other English speaking countries) make 
such statements. Annual statistical state- 
ments, showing the estimated profit or loss 
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on the working of passenger and freight 
service, are prepared only by a minority 
(about 10 %) of the railways concerned 
viz. Norwegian State Railways and South 
African Railways. [Earlier the Swedish 
State Railways and the Indian Railways 
prepared such annual statements too, but 
this compilation has now been suspended 
in expectation of other more accurate 
methods of calculation. 

Most of the other administrations con- 
sulted gave information that they do not 
prepare such profit and loss statements 
on a yearly basis, but that on special 
occasions studies are made to determine the 
economic results of particular services — 
freight, passenger or other services — and 
of special lines of the railway system. 

As to the reasons for the introduction of 
such profit and loss statements of various 
classes of traffic, it seems that most adminis- 
trations originally evolved them for the 
purpose of supplying information, considered 
to be of value as a guide for fixing the 
general level of rates and fares and for 
controlling the general efficiency of operation 
in the different classes of traffic, etc. The 
importance of these statements seems, 
however, as time went on, to have changed 
from the final results about profits and 
losses to the cost and revenue analysis, 
implied in the preparing of these statements, 
and many administrations nowadays use 
them primarily as a basis for conducting 
special inquiries into various phases of 
railway working (efficiency analysis). Often 
the profit and loss statements are also 
used as a general indicator, facilitating the 
determination whether further studies should 
be made or not, concerning e. g. applica- 
tions for partial or entire abandonment of 
operations on certain sections of lines, 
withdrawal of certain trains and other 
measures for achieving economy in opera- 
tion. 


II. — Some special features of railway 
production and pricing. 


The production of the railways is com- 
posed of transport services, intending to 
convey passengers, goods, etc., between 
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various points of the railway system. The 
number of the single transportation acts in 
the passenger and goods traffic that a railway 
performs during one year, is immensely 
great. The cost conditions of the different 
transportation acts or types of transporta- 
tion acts are generally very different. 
Fixing the tariffs, it is, in general, not 
practically possible to pay perfect regard to 
such differences in costs between different 
transportation acts, but the same _ tariffs 
are used for transportation acts that are 
similar in some degree as to costs. This 
tariff system for different types of transpor- 
tation acts becomes, however, highly schem- 
atic, and the same tariff can therefore often 
be applied to transportation acts differing 
considerably as to costs. 


Railways are thus multiple product 
establishments which are used for simultan- 
eous production of many kinds of services. 
As with all such multiple product produc- 
tion, there arises in cost calculations of 
different products or production branches 
the problem of common or joint costs, 1. e. 
costs incurred in common, by two or more 
services. Costs incurred by a special service 
may be termed separable costs. 


In railway operation with its heavy 
investments in way, structures and equip- 
ment there is, of course, moreover the 
problem of constant (fixed) costs, i. e. costs 
which within the variation of output under 
study are unaffected by increases or decreases 
in production. Costs that are affected 
within the variation of output under study, 
are called variable costs. 


Neither common nor constant costs can as 
a rule be separated between the commonly 
produced services in any economically 
relevant way, as these costs are incurred 
on behalf of the production as a whole. 
In practice there occurs, however, a distri- 
bution of these common and constant costs, 
especially in enterprises or industry bran- 
ches with a monopolistic position in the 
market. These «full costs » of various 
products, received by distribution of com- 
mon and constant costs, are often used for 
e. g. valuation of stores and fixing of prices, 
especially by enterprises that use « cost- 
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plus »—pricing. Yet it may be said that 
both political economists and modern 
business economists agree that an econo- 
mically adequate allocation of these costs is 
only possible in exceptional cases. Itis there- 
fore generally not possible to form some eco- 
nomically adequate allocation scheme of these 
costs between various products or produc- 
tion branches. Fortunately it is not neces- 
sary to determine the full costs in order 
to be able to perform a rational production 
and price policy. On the other hand, to 
make possible such a business policy it is, 
however, necessary to know the additional 
and subtractional costs which will arise by 
variations in the amount of production as 
to various products or production branches 
(ef, parte lll): 

The general financial accounting does not 
specify the costs of different products or 
different classes of production. According 
to this the costs are categorized into service 
branches, e. g. traffic service and engine 
service and for each service branch into 
personnel and material costs. On the other 
hand, this financial accounting explains 
nothing about the costs of different products 
or classes of products. In order to get such 
information, one has to perform special 
investigations, corresponding to the calcul- 
ation of total costs and costs per item in 
various spheres of production, now com- 
monly used in industrial cost accounting. 
Such a specification of expenses of a past 
year between different products or classes 
of products has been used since a long 
time by various railway managements. In 
the beginning the specification was confined 
to the costs of passenger, respectively goods 
traffic. Later on these specified annual 
costs of passenger and goods traffic were 
compared with corresponding annual 
revenues, and then one was able to calcul- 
ate surplus and deficit for the class of traffic 
in question. Since the accounting systems of 
the railways became more detailed, these 
calculations too were developed in several 
respects, taking into account different sub- 
branches of passenger and goods traffic and 
also different lines of the railway system. 

The value of such calculations, without 
any specific question or problem as a basis, 
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must, however, be regarded as rather small. 
In an enterprise with as complicated pro- 
duction conditions as a railway it is necessary 
to put well-defined questions as regards all 
cost calculations, if these should be useful 
for practical action. First with a well-_ 
defined acting alternative as a basis it will 
be possible to get a definition of the costs 
and revenues of a certain actual acting 
alternative. Of interest in such calculations 
is not an allocation of the total annual 
costs between various products or classes of 
products, but an estimation of the separable 
costs of different products or classes of 
products. 


I. — A general approach to economic 
calculations of use for guiding enter- 
prise activities of a railway. 


: 
' 
| 
| 
| 

During the last decenniums the business | 
problems of the railways have become more 
complex and difficult than before above ) 
all owing to the fact that the monopolistic 
position of the railways in the sphere of land | 
transport was gradually weakened by the | 
fast development of the motor traffic during | 
this period. ‘The earlier, relatively quiet, | 
development of the railways during their | 
time of monopoly was followed by a more 
dynamic development, where the railways, | 
in an intense competition with other forms | 
of transportation, had to fight for their | 
traffic. The railway enterprises must, 
therefore, more than before, have at their | 
disposal reliable and_ sufficiently detailed | 
calculations about costs and revenues of 
different products or classes of traffic etc. 
Profitability and cost calculations are as 
necessary for guiding the economy of a 
railway as modern signaling systems are 
for safety in train operating. Without 
sufficient knowledge of costs and revenues 
of different products, etc., one does not 
know how to act in an economically 
rational way. In manufacturing industries 
one has been conscious, since several decen- | 
niums, of the necessity of sufficient cost) 
information as a basis for all important) 


measures of business policy. Also the rail- | 


ways are now more interested than before | 
in what is called by a collective term « top 
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management » and «scientific manage- 
ment », in which production planning and 
control including cost analysis, flexible 
budgeting and standard costs, work simpli- 
fication and other means of control and 
reduction of costs constitute important 
elements. 

An active business policy is based on 
more or less detailed plans for the future, 
and the choices as to acting alternatives 
(business plans), made by the administra- 
tion of the enterprise at different dates, 
are determined by calculations or imagina- 
tions about the influence of the acting 
alternative in question on the future expen- 
ses and revenues of the enterprise. 

The situations that the administration of 
the enterprise is confronted with, if invest- 
ments, tariffs, train schedules etc., are 
concerned, and for which the erterprise in 
its activity needs guiding by economic 
calculations, are so varying, so heterogene- 
ous, with regard to the different acting 
alternatives between which the managemenr 
can choose, that the calculations in their 
turn become very varying, in order to give 
expression to what is economically important 
in the various situations. Since every 
business policy is a choosing between 
different acting alternatives, the more 
detailed shape of the calculations depends 
in every single case wholly on_ the 
acting alternatives between which one can 
choose in a given situation. The acting 
alternatives themselves demand, in order 
to be defined, a thorough analysis of the 
economic situation of the enterprise. Only 
by defining the calculation situation itself 
and the alternatives open to choise by the 
enterprise, one can get a clearly defined 
conception of the costs. These will then be 
defined with regard to the acting alterna- 
tives between which a choice can be made. 
The costs and revenues will then express 
the economic consequences of choosing 
a certain alternative. Every calculation 1s, 
therefore, a comparison between different 
ways of acting in a certain situation. 

Thus the shaping of the business policy 
of a railway enterprise, both with regard 
to investments in way and _ structures, 
locomotives and other rolling stock, employ- 
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ment of personnel, and current production 
policy as concerns quality in seervice, etc., 
requires a_ sufficient knowledge of the 
structure of the railway traffic, and of 
tendencies of traffic development by apply- 
ing lower or higher tariff prices, as well as 
a thorough knowledge of the production 
and cost conditions of the railway enter- 
prise. In the present economic situation of 
the railways, with an intense competition 
from other means of transportation, the 
question is to manage the available resources 
(men, equipment, etc.) in such a way that 
a relation as favourable as possible is 
achieved between revenues and costs of the 
railway. Although the final judgment and 
decision as to different investments, price- 
political measures, etc., does not always 
take place in practice only according to 
business-economical principles, but often 
also with regard to the influences of the 
measures in question on the social economy, 


these decisions are facilitated if the 
business-economical consequences of the 
different alternatives have been made 


clear in advance. 

Common for all such profitability estimations 
that the railway enterprise needs for its 
business policy is, that they try to estimate, 
what changes can be expected to be caused 
by a certain measure (business plan) as to 
the amount and the temporal distribution 
of the future expenses and revenues of the 
enterprise, in comparison with the case, 
that the plan in question is not realized or 
that a certain other plan is chosen. By such 
calculations the net-value as well as the 
relative value for the enterprise of each of 
the relevant business plans can be stated. 

Here it may be stressed, that only expenses 
and revenues expected in the future are 
included in these profitability calculations. 
Economic events before the calculation 
date can only mediately be relevant for the 
calculation, i. e. by influencing the enter- 
prise’s expectations and judgment of the 
future. The past revenues as well as the 
past expenses of purchase of assets still in 
use or the values of these assets according 
to financial accounting at the date of the 
calculation are without significance for the 
calculations mentioned here. 
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Characteristic of these profit calculations 
is the fact that they give an answer to the 
question, what changes are likely to happen 
in the expenses, revenues and net-revenues 
of the enterprise, if a certain change is made 
in e. g. operation plans, investment plans, 
price policy. The terms relevant for these 
calculations are thus additional (incremental ) 
and subtractional (decremental) expenses and 
revenues. 


By formulating the calculation problem 
in this way, one escapes the cost and 
revenue allocations, questionable in many 
cases, which are characteristic to a high de- 
gree of traditional cost accounting. As 
the object of the calculation in every case 
is a special business plan, all differences in 
costs and revenues between rival alternatives 
will become separable (additional, subtrac- 
tional) costs and revenues to the plan under 
study and no common or constant costs or 
revenues need to be allocated. 


It might be evident by what is mentioned 
above that there exist no differences, as to 
the formulation of the problem or the 
general calculation outlining, between pro- 
fitability calculations referring to price- 
fixing and other forms of sales policy; 
choice of productive resources, production 
organisation and management efficiency 
control of selling and production activities. 
In all these calculations it is tried to estimate 
what changes will occur in the expenses, 
revenues and net-revenues of ‘the enterprise 
if a certain change is made in the business 
plans. 


IV. — Calculations of net railway 
operating income from passenger 
and freight service (surplus and 
deficit calculations ). 


The surplus and deficit calculations for 
different traffic branches, lines, etc., per- 
formed by the railway administrations, 
were drawn according to two different 
points of view, i. e. firstly in the form of a 
retrospective analysis of the expenses of a 
past year, the accounting method, secondly in 
the form of a prospective estimation of how 
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the future expenses and revenues of the 
enterprise might be influenced by a certain 
way of acting, the alternative budget method. 
This method was discussed, under the term 
of « profitability estimation », in part ITI. 


As to the accounting method, one can_ 


distinguish two lines of development, 
firstly one more schematic that 1s 
mainly confined to separating the expenses 
between passenger and freight traffic only, 
secondly a more detailed accounting analysis, 
according to which a minute division of the 
expenses between various traffic branches, 
and in each traffic branch between various 
production spheres, takes place. The aim 
of the last mentioned, more detailed form 
of the accounting method is to show the 
allocated costs of different production 
spheres and, by comparing these costs 
with the number of service units produced 
in the spheres in question, to make possible 
a calculation of the costs per unit of the 
different services or products. This more 
detailed accounting method, which corres- 
ponds to the calculations common in manu- 
facturing industry, has been applied in 
its most pronounced form by the German 
State Railways and in a modified form 
by e. g. American and Scandinavian 
Railways. 


The accounting method in its usual 
formulation may be summarily character- 
ized in the following way (‘) 

« By the accounting method is meant 
the system which grows out of taking the 
individual entries of cost (originally gathered 
for purpose of the income account and the 
balance sheet) and charging them against 
particular items of product. Some can be 
charged directly, because the materials 
or services they represent are physically 
identified with some unit of product in a 
visible and unmistakable fashion. This 
is not always quite the same as saying that 
these expenses are economically caused by 
these items of product, . 5 ONeRe we us 
an evidence of one kind of causation and 
it is the kind which the methods of account- 


(t) J. M. Crark ; The economies of overhead 
costs, Chicago 1923, p. 216-7. 
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ing are capable of recording. When it 
comes to expenses which cannot be identified 
with units of product in this direct fashion, 
accounting tends to do the thing most 
nearly similar — which may or may not 
be the next best thing — and allocates 
these « indirect expenses » to one or the 
other department, process, or commodity 
on some predetermined basis. Either of 
these methods retains one dominant charac- 
teristic of the system of general accounting 
of which they are an offshot. Costs are built 
up by a process of arithmetical addition, 
and the whole is equal to the sum of its 
parts. » 

However, the accounting method will 
very seldom and very imperfectly indicate 
the additional or subtractional costs of 
added or subtracted traffic, which costs, as 
mentioned before, are the only ones, in a 
narrow sense, that are relevant from a 
business economical point of view. « Ne- 
vertheless the uses of the accounting system 
are obvious and quite indispensable. It 
tells management how its costs are behaving, 
and if there is a suspicious increase in the 
costs, which may be a symptom of a loss 
of efficiency somewhere, the management 
has the figures recorded in sufficient detail 
to make it possible to tell in what depart- 
ment the increase occured, whether it was 
in materials or labour, and in what step 
of the process it occurred, or whose machine 
it was which took an unusual amount of 
time in the completion of a given job. » 

« The management is accustomed to 
guide its financial and technical policies 
according to its costs, among other things, 
and whatever method it uses, right or 
wrong, logical or illogical, have at least 
stood the test of experience; and in any 
case, a knowledge of what has actually 
happened is the necessary basis for all 
intelligent judgement. However, this will 
not of itself tell the manager what his costs 
will be next week or next month if he 
follows a given policy, and for many 
purposes he needs to be able to prophesy 
in this fashion. This the accounts, taken 
by themselves, will not enable him to do» (") 


(1) J. M. Crark : ibid., p. 222. 
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V. — The accounting method. 


Profit and loss statements of passenger 
and freight service have often been prepared 
currently from year to year according to 
the accounting method in different countries. 

Thus, in U. S. A. annual statements 
of the economic results of passenger and 
freight traffic are prepared by the Interstate 
Commerce Commission on basis of infor- 
mations supplied by the different class I 
railroads as regards the separation of their 
expenses between passenger and freight 
traffic. Similar profit and loss statements 
are also made by the South African Rail- 
ways and the Norwegian Railways. Also 
in Sweden such accounts of the economic 
results of various traffic branches in the 
passenger and freight traffic were made 
during the 1930-ies. Moreover, monthly 
accounts were made of the _ direct 
expenses of each traffic branch and the 
corresponding revenues. In Germany too 
such accounts of the passenger and freight 
trafic were prepared, first quarterly 
and then annually. 


In U. S. A. the allocation of operating 
expenses between passenger and freight 
service according to a certain formula 
was earliest prescribed to the railways by 
the Interstate Commerce Commission in 
1888. This rule, however, was abandoned 
in 1893 on the ground that no trustworthy 
rule was believed to exist for making the 
separation of expenses and because the 
results were rarely used. A new revised 
scheme for the allocation of operating 
expenses between passenger and freight 
service was not issued by the Commission 
until 1915. In revising the new scheme the 
commission was helped by a special com- 
mittee of railway officers, but these officers 
did not depart from the position they had 
previously taken, « that no uniform base 
could be adopted which would apply 
equitably under all conditions ». As this 
new scheme which, with some alterations, 
is still valid for the railways in U.S. A., may 
have had some influence on the formulation 
of similar schemes in other countries, it 
might be of interest to give an account of 
the main features of this plan of 1915. A 
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historical survey of the different methods 
that have been developed in U. S. A. up 
to the year 1922 to ascertain the net 
operating income of transporting passen- 
gers and freight by railway have been given 
by Mr. Harrison (1) and Mr. Dunn (2), 
American reporters upon the question of 
« Net costs, Rates », to the Ninth Congress 
of this Association, which should have been 
held in Berlin in 1915, but was later held 
in Rome in 1922, 


In his report Mr. Dunn gives an account 
of the preparatory work for the scheme, 
stated in 1915 by the Interstate Commerce 
Commission, for separation of expenses be- 
tween the two classes of traffic and his 
report also quotes a very concise and 
instructive summary of this new scheme, 
which reads as follows (italics supplied) : 


« Briefly, the Commission, while avoiding 
extreme particularity in its instructions, 
lays down the general principles that 


1° Such expenditures as may be definitely 
and accurately allocated should be reported 
separately ; 


2° Such expenditures as may not be 
definitely and accurately allocated, but 
which are susceptible of apportionment on 
some basis which will approximately repre- 
sent the facts, should be pro-rated; 


3° Such expenditures as those which 
defy any accurate or even any approximate 
allocation or apportionment should be 
reported as « undivided » the Commission 
to determine later, or as needed in special 
cases, how the undivided items should be 
split between the two classes of service. 

The three divisions, then, are 


a) Direct charges; 


b) Indirect charges susceptible of appro- 
ximate separation; 

c) Overhead or other joint costs which 
are very difficult to separate. 


In the first group are the wages of the 


(1) Bulletin of the Railway Congress Ass., 1914, 
(oO ON/metits 


(*) Bulletin of the Railway Congress 


Ass 
p. 123 fF. - 


1922, 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


AprIL 1950 


locomotive and train crews, the cost of 
locomotive fuel, the maintenance of motive 
power and other rolling stock, the charges 
for freight claims and baggage claims, 
and other minor items of expense which 


may be kept entirely distinct by classes of | 


service. 


In the second group are such accounts as 
station service, which may be directly 
allocated in a large part, the remainder to 
be divided in proportion to « man hours »> 
im each class of “Service; | yards semvice, 
directly allocable in part, the remainder to 
be separated in proportion to « locomotive 
hours » in each class of service. 


In the third group are most of the items 
under maintenance of way and structures, 
such as roadway maintenance, the renew- 
als of rails, ties and ballast, and the main- 
tenance of work equipment. It includes as 
well all items classified as general expenses. 


Throughout the maintenance of way group, 
which presents the most difficult problems 
in apportionment, the Commission requires 
that under each account such expenses as 
may be directly traced or recorded should 
be charged either to the freight or to the 
passenger service, the remainder to be 
regarded as joint expenses and reported 
as undivided. Superintendence, for exam- 
ple, is to be reported as undivided. With 
respect to maintenance of station buildings, 
the rules require that carriers keep a record 
of maintenance costs of freight stations 
(to be charged to freight) and of passenger 
stations (to be charged to passenger) and 
that the remainder should be pro-rated in 
the same proportion as the direct charges to 
that account. All roadway and _ track 
expenses, with the exception of yard track 
maintenance (which is to be recorded 
separately and divided between freight and 
passenger in proportion to switch locomotive 
miles in each class of service) and mainten- 
ance of roadway buildings, are to be repor- 
ted as undivided. Maintenance of water 
and fuel stations is to be divided on the 
basis of the freight and passenger propor- 
tions of fuel costs. Maintenance of shops 
and engine houses is to be divided in the 
proportion which the freight and passenger 
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services assume in the total charges to the 
maintenance of equipment group of ex- 
penses. The cost of maintaining grain 
elevators, storage warehouses, and the like, 
is to be assigned directly or apportioned 
according to the facts in individual instances. 
The maintenance cost of telegraph and 
telephone lines, and of signals and _ inter- 
lockers, is to be divided on the basis of 
transportation train miles. Power plant 
maintenance is to be assigned according 
to facts in individual instances. Maintenance 
cost of paving roadway, machines, etc., 
and the charges to injuries to persons, 
insurance, stationary and printing and other 
maintenance of way expenses are to be 
reported as undivided, unless a determina- 
tion of facts in individual instances makes 
definite allocation possible. The cost of 
maintaining joint tracks and other joint 
facilities should, as far as practicable, be 
treated individually according to the use 
made of them by the reporting carrier, 
regardless of the use made of them by other 
carriers. 

Under maintenance of equipment expenses 
one item only (work equipment-repairs, 
depreciation and retirements) is to be 
reported as undivided. ‘The maintenance 
of work equipment is to be regarded as an 
undivided expense and should be treated 
in the same manner as roadway and track 
costs. With respect to the maintenance and 
replacement of locomotives and cars (other 
than work equipment) the railroads are 
required to keep their accounts in such 
form that the actual cost of repairing and 
replacing of freight locomotives and cars 
shall be charged to the freight service, and 
that the similar costs for passenger locomo- 
motives and cars shall be charged to the 
passenger service. In the case of locomotives 
used in both classes of service, the expense 
is to be pro-rated on the basis of locomo- 
tive miles in each class of service, although 
permission is given to use « some arbitrary 
deemed by the carrier to be applicable, as 
for example, by making one and a half 
passenger locomotive miles equivalent to 
one freight locomotive mile ». The cost 
of maintaining locomotives used in mixed 
train service is to be apportioned on the 
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basis of car miles in mixed trains (unless 
the carrier is able to make a more nearly 
accurate estimate), and the maintenance 
cost of switch locomotives is to be divided 
according to the freight and passenger 
switching locomotive miles. For the latter 


account the railroads are permitted to 
take all yards together annually. This is 
essentially a «locomotive hour » basis, 


since switching locomotive mileage is com- 
puted on the arbitrary basis of six miles per 
hour, according to the rules of the Commis- 
sion pertaining to the compilation of locomo- 
tive, train and car mileage. 


For the charges on account of depreciation 
and retirements of locomotives and cars 
the rules require an assignment « direct 
as far as practicable », and an apportion- 
ment of the unassigned remainder « ac- 
cording to the mileage made in each class 
of service by the individual locomotives (or 
cars) or by classes of locomotives (or cars) ». 
In the case of locomotives alone « if this 
method is not practicable, than the division 
should be made according to the aggregate 
freight locomotive and passenger locomotive 
ton mileage of the locomotives affected for 
the year, or upon some other basis deemed 
by the carrier to be more nearly accurate ». 


Charges to superintendence (maintenance 
of equipment), shop machinery, power 
plants, floating equipment, miscellaneous 
equipment, injuries to persons, insurance, 
stationery and printing, and other mainten- 
ance of equipment expenses, are to be 
apportioned on the same basis as the freight 
and passenger proportions of repairs of 
locomotives and cars. The same basis is to 
apply to maintaining joint equipment at 
terminals «unless a knowledge of local 
conditions enables a carrier to make a more 
nearly accurate estimate. Each terminal 
should, as far as practicable, be treated 
individually ». 

The entire group of traffic expenses 1s to be 
assigned directly. This is usually practicable, 
inasmuch as the freight traffic department 
and the passenger traffic department are 
ordinarily distinct and separate below the 
executive offices. Common traffic expenses 
are to be apportioned on the basis of the 
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directly assigned expenses in this general 
account. 


In the group of transportation expenses no 
items are to be reported as undivided. 
The cost of dispatching trains is to be 
apportioned according to transportation 
«train miles. The cost of station employees 
and station supplies and expenses is to be 
charged according to direct analysis, the 
common expenses to be apportioned as in 
the case of superintendence (to be mentioned 
later). Charges to weighing, inspection and 
demurrage bureaus, and to coal and ore 
wharves operation, are to be assigned direct- 
ly. The yard group of expenses is to be 
assigned directly as far as practicable, the 
unassigned remainder to be apportioned 
in accordance with the freight and pas- 
senger yard switching locomotive miles of 
the year, each yard to be treated individu- 
ally, if practicable, but at least excluding the 
mileage of those yards which have been 
treated as wholly freight or wholly passenger. 
In the cost of operating jomt yards and 
terminals each yard or terminal is to be 
treated individually, and a separation made 
according to local conditions. 


The wages of train enginemen, motormen 
and train crews, the cost of fuel, water and 
other locomotive supplies, and the cost of 
train supplies, are to be assigned directly 
as far as practicable, common expenses to 
be divided on the basis of the direct assign- 
ments in each account. The charges to road 
engine house expense are to be divided 
according to the number of engines handled 
for each class of service, an arbitrary to 
be used, if deemed proper, to give freight 
locomotives a greater weight than passenger 
locomotives. Operation of sleeping cars, 
express service and baggage claims are to 
be charged direct to passenger. The cost 
of settling freight claims is to be charged 
direct to freight. Charges to signal operation 
and crossing protection are to be appor- 
tioned on a transportation train mile basis. 
The expense of clearing wrecks is to be 
assigned directly, as far as practicable, 
according to the service in which the 
accident occurred and not according to the 
responsibility for the accident, the unassigned 
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remainder to be divided (like superinten- 
dence) on the basis of the entire assignable 
items in the transportation expenses group. 
The charges for damage to property, damage 
to live stock on right of way, and injuries 
to persons, are to be treated the same as 
clearing wrecks. The remaining transporta- 
tion accounts — namely, superintendence, 
train power purchased and produced operat- 
ing floating equipment, stationery and 
printing, insurance, and other transportation 
expenses — are to be divided according 
to the freight and passenger proportions of 
the aggregate of the assignable items in 
the transportation group. The cost of 
operating joint tracks and facilities is to be 
similarly treated « unless a knowledge of 
local conditions enables the carrier to make 
a more nearly accurate estimate ». 


Transportation expenses of water lines 
miscellaneous operations. and general ex- 
penses, are to be assigned directly as far as 
practicable, the remainders to be reported 
as undivided « unless a knowledge of local 
conditions makes possible a more nearly 
accurate estimate ». 


Carriers are required to indicate the 
total amount of credit which should be 
given to the freight service for work (such 
as carrying company fuel and other com- 
pany supplies) performed for the passenger 
service, and vice-versa ». 


During the period of federal control in 
connection with World War I only the 
directly assignable expenses were reported 
separately for passenger and freight service, 
but from 1920 the scheme was revised and 
methods of apportionment, prescribed for 
all expense accounts, including maintenance 
of way and structures. A revised issue of the 
scheme for dividing expenses, effective 
January 1, 1936, included an extension of 
the analysis to cover taxes, equipment rents, 
and joint facility rents. (See Appendix hereto.) 


The division of costs between passenger. 
and freight services is usually a first step 
in the direction of an adequate system of 
cost accounting. Further ‘cost studies 
relating to the relative cost of rendering 
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rail transportation service in various ter- 
ritories under varying conditions have 
also been developed during the last ten years 
by the Interstate Commerce Commission 
and by individual railroads. 


The following table -1 from the I. C. C. 
Railway Statistics shows for Class I line- 
haul steam railways in U. S. A., the total 
revenues, expenses, net revenues before 
taxes and rents, the operating ratio and 
the net railway operating income for the 
freight and passenger service separately, 


from 1938 to 1944. 


The division of expenses between freight 
service and passenger and allied services 
is as reported by carriers under the revised 
rules prescribed by the Interstate Commerce 
Commission, effective January 1, 1936. 
Small amounts of revenues and expenses 
reported as «not related to either freight 
service or passenger and allied services » 
have been left undivided to the extent shown 
in the last two colums of the table. 


Such statements of economic results 
according to the accounting method have 
been made as special investigations of the 
Swedish State Railways. ‘Thus the total 
costs of the years 1894, 1895 and 1896, 
specified on various cost items, were parted 
by means of a series of « allocation keys » 
to passenger, express freight, and other 
freight traffic. The allocation keys used 
were wagon-axle-kilometers, gross-ton-kilo- 
meters, train-kilometers, and the product 
of gross-ton-kilometers and geometric me- 
dium of the train-speed and the square 
of the speed. The last-mentioned allocation 
key was, for instance, used for allocating 
the maintenance costs of locomotives. 


For the year 1910, there was made a 
calculation in Sweden of the relative 
profitability of passenger and various sub- 
branches of freight traffic in connection 
with a general investigation concerning 
the passenger and freight tariffs. 


The investigation that was made by a 
special committee held the view « that all 
costs could not be distributed on traffic of 
various branches». It was, however, pointed 


out that « one can achieve a distribution of 


the costs caused directly by the main branches 
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of the traffic, in a way at least mainly 
satisfactory ». By direct costs (variable 
costs) for e. g. the passenger traffic the 
committee meant such costs that would 
disappear if the passenger traffic were 
withdrawn. The committee first divided 
the various items of total costs into constant 
and variable costs. As soon as a cost was 
stated to be constant, it was put aside and 
thus not allocated to the various branches. 


Revenues 
cr., millions 
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The cost items considered to be variable 
were, on the other hand, allocated, either 
directly or by means of various proportion- 
ality factors, to four operation cost groups, 
resp. train costs, waggon costs, switching 
costs, and station costs; hereby these varia- 
ble costs were also distributed among 
traffic branches, 1. e. passenger traffic, 
freight traffic, iron ore traffic etc. 

The final result of this calculation is 
given below : 


Direct (variable) 
costs 
cr., millions 


Surplus to cover 
constant costs 
cr., millions 


Passenger traffic 28.4 19.9 Sho) 
Freight traffic 32.0 DS) 9.1 
ikOnmOnertica thi Coa a ne 9.8 3S) 6.3 
SAMMES TNIGOOHE 5 o 5 6 5 0 DI) DS = 
[Ba oKoTe WRITS; 5 5 6 oo ot 0.5 0.5 — 
Miscellaneous income. ... . 1.4 — 1.4 

otalee 74.6 49.3 253) 
Amount of constant costs. 30.6 
Deficit . 523) 


According to this calculation 62 °/ of 
the total costs were ascertained to have 
been incurred exclusively by one or another 
class of traffic and 38 °4 were costs common 


to the trafic as a whole. 


Yearly statistical profits and loss state- 
ments of different classes of traffic have 
recently been prepared by the Norwegian 
State Railways, the South African Railways 
and the Swedish State Railways. As re- 
gards the general methods of calculation, 
the yearly statements of these three railways 
are principally the same, all are variants 


of the accounting method, although they 
as a consequence of, among other things, 
the different economic and technical condi- 
tions of the countries, may differ in various 
details. As an illustration of how a profit 
and loss statement for different classes of 
trafic may be prepared according to the 
accounting method we have chosen to 


give a short account of the Swedish version 
of this method. 


A scheme for current distribution of the 
operating expenses and revenues between 
various traffic branches, partially after 


Aprit 1950 


American and German patterns, was intro- 
duced in 1930 by the Swedish State Rail- 
ways and was carried on up to 1939, 
when it was abandoned. It is intended that 
such statements of economic results, par- 
tially with another outlining and shaping 
and more tending to the prospective method, 
are soon to be taken up again in Sweden. 


It has been pointed out above that the 
operating expenses in different degrees can 
be distributed between the various traffic 
branches. Certain costs can directly be 
attributed to certain traffic branches (sepa- 
rable costs), while others (common costs) 
can be distributed among the various 
trafic branches only by means of more or 
less reasonable allocating methods. In 
the Swedish profit and loss calculations 
during the period of 1930-1939 the various 
costs items in this distribution among 
various classes of traffic were gathered in 
the following three main groups 


1. Directly assignable expenses (« Direct 
expenses >») ; 

2. Indirectly apportionable 
(« Indirect expenses ») ; 


Expenses 


3. Undividable expenses (« Proportioned 
expenses »). 


The first group, « direct expenses », which, 
for instance, in 1938 amounted to about 
68 % of the total expenses, included ex- 
penses for station staff, train staff, engine 
staff, traction fuel and current, maintenance 
and renewal of locomotives, and rolling 
stock in general. 


The expenses under these headings were 
directly assigned month to month to the 
various classes of traffic concerned, 1. e. 
passenger traffic and _ luggage traffic, 
express traffic, post conveyance, ordinary 
goods in less than carloads (LCL), ordinary 
goods in carloads (CL), and iron ore traffic. 
The separation of the expenses was made 
by accounting sections (traffic sections 
resp. engine sections). 


The station staff expenses were separated 
between various classes of service and 
operations in accordance with a specifica- 
tion, drawn up once a year for a represen- 
tative month for every station, showing 


BULLETIN OF THE INT. RAtLWAy CONGRESS ASSOCIATION 


459/13 


how the working hours for every member 
of the staff had been distributed (in per 
cent) between the various duties in the 
station service. Due regard hereby was 
taken to the varying wages per hour, paid 
to employes of different classes. 

The station staff expenses were received 
in that way either directly for the classes 
of traffic under study, i. e. ordinary passenger 
trafic and luggage, suburban passenger 
traffic, mail traffic, fast freight traffic, 
freight in less than carloads (LCL), freight 
in carloads (CL) and iron ore traffic, or 
for train or yard operations, common for 
two or more classes of traffic. ‘These common 
expenses of e. g. train dispatching, shunting 
etc., were distributed among the various 
classes of traffic on the basis of the work 
performed. Rather detailed station statistics 
were kept by all stations, which registered 
the appropriate units of measurement of 
station production in the various classes 
of station operations. The main aim of this 
station expense allocation was to separate 
the separable (direct) costs which were 
peculiar to the various classes of traffic, 
into individual groups and to divide the 
remaining expenses in a manner that 
permits their apportionment on the basis 
of the work performed. 


Train staff expenses were separated between 
the various classes of trains in proportion 
to the number of hours spent. A specifica- 
tion of the hours spent was procured by 
means of the service lists of the guard per- 
sonnel. Train staff expenses of trains, 
common to two or more classes of traffic, 
were distributed between the traffic classes 
concerned in proportion to the axle- 
kilometers for these classes. 

Engine staff expenses were separated be- 
tween the various classes of trains in pro- 
portion to the number of hours spent. 
A specification of the train-hours in various 
trains were procured from the service lists 
of the personnel. 

Engine house expenses were divided accord- 
ing to the number of engines handled for 
each class of train. 

Train fuel, lubricants, etc., expenses were 
separated between the different classes of 
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trains according to periodic test figures for 
the consumption of fuel, etc., for various 
types of locomotives and classes of trains. 
Electric power consumption was distributed 
to the different classes of trains according 
to technical data. 


Expenses of maintenance and depreciation 
(renewal ) of equipment were obtained by the 
workshops accounting system for various 
types of locomotives and cars. The expenses 
of each type of equipment were distributed 
among different classes of trains in relation 
to the work performed in these classes of 
trains, measured as regards maintenance by 
locomotive-kilometers and car-kilometers 
and as regards depreciation by locomotive- 
hours and car-hours. 

Thus, after having been separated to 
various classes of trains, the above-men- 
tioned expenses of train operation then 
were either assigned directly to a certain 
class of traffic, or as regards costs of trains 
common to two or more classes of traffic, 
distributed between the classes of traffic 
concerned in proportion to the car-kilo- 
meters of these classes. 

The expenses of yard switching were sepa- 
rated between verious classes of traffic 
according to the data from periodic tests 
of each switching yard. 

Depot staff expenses are subjected to a 
complete per cent distribution among the 
materials and stocks treated by the depot 
service. Thus these expenses were included 
in the prices of the various materials, 
especially fuel, rails, sleepers, etc., consumed 
in railway operation. 

Social charges were included in the salaries 
and wages of the various groups of 
employees, 

This separation of the expenses of the 
first group (« direct expenses ») of the various 
operating divisions of the railway system 
between the different classes of traffic was 
prepared each month. A special statement 
of the whole railway system, showing 
revenues, direct expenses and the surplus 
of revenues above direct expenses of the 


different classes of traffic was also made 
monthly. 


The second group of expenses, « indirect 
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expenses », which e. g. in 1938 amounted 
to about 27 % of the total expenses, included 
expenses of maintenance and depreciation of way 
and structures. ‘These expenses were not 
apportioned monthly, but only at the end 
of the year to various classes of traffic. 


Expenses of inspection of running tracks 
were distributed in proportion to the 
train-kilometers of the various classes of 
trains. Expenses of maintenance and deprecia- 
tion of way were first divided between yard 
tracks and running tracks in relation to 
the relative length of the two classes of 
tracks. The yard track expenses were then 
apporuoned to the various classes of traffic 
on the basis of the relative switching costs 
of these classes of traffic. The expenses of 
running tracks were apportioned to differ- 
ent classes of trains on the basis of gross 
ton-kilometers. Expenses of maintenance and 
depreciation of buildings were apportioned 
to various classes of traffic in proportion 
to the directly assigned expenses of the 
service group in question. 


Expenses primarily calculated for various 
classes of trains, were apportioned between 
the different classes of traffic on the basis 
of the car-kilometers by the respective 
category of train in each class of traffic. 


The third group, « proportional expenses », 
consisting of general expenses and other 
expenses that are not directly. assignable 
or indirectly apportionable were allocated 
according to the proportions of the calcul- 
ated direct and indirect expenses of the 
various classes of traffic. 


The profit and loss statements of the 
different classes of traffic of the Swedish 
State Railways during the period of 1931- 
1938 are given in table 2, showing direct, 
indirect and proportioned expenses, reve- 
nues, surplus of revenues above direct 
expenses and surplus or deficit (profit or 
loss) of revenues above total allocated 
expenses of the different classes of traffic. 


Some railways go even further in their 
profit and loss statements than to the parti- 
cular classes of traffic, and through further 
splitting up of revenues and expenses com- 
mon to two or more sub-classes of traffic, 


———_—_—_—_—_——————<—<——X—X—S—S—S—_ 
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TABLE: 


Operating expenses and revenues of different classes of traffic, 1931-1938, in million sw. crowns. 


1. Direct expenses. 


1932 mo 33a OS 4a e935 


1936 | 1937 | 1938 


Passenger, luggage ...... . | 44.56] 46.00] 46.14 | 47.00] 48.96] 52.22} 58.44] 62.08 
TEASE TES 5 5 5 oc eres 9.58 | 9.47] 9.31 | 9.31] 9.30] 9.38] 9.67] 9.85 
Walken URMEME 5 595 5 0 Bo & ears SHH |} SSO | BOO|| BiewI) SW) Soli) Abies chav 
Ordinary freight in less than car- 

IES (LOD) 56 5 5 eo a co a |} MOI) Wa) ee |) EO || Gn || 1.61) OBA! WO. 
Ordinary freight in carloads (CL). . | 28.51 } 26.60] 24.88] 25.45 | 26.42 | 26.92] 30.19 | 31.47 
TeOnpOreeiratliCuryecs se ake a ian 5.81 4.44) 3.80] 4.07] 4.68] 5.42} 6.92] 7.46 

Total . . . {109.91 |108.18 }105.98 |107.70 |111.46 |116.40 |128.60 |134.38 


2. Indirect expenses. 


LOST 193231933 9 ]) 1934 1937 | 1938 


Passemmer, Iie  . 5 6 6 5 0 o If INNO) |) WeSBr Pai |) PS 18.56} 21.30 
Bastetreieht ss. poy yea css Sets ets Pal DP |) ANON Ail : 2.71 
IMaieCratlicusmee mes er sue ame, nee 0.90} 0.98] 0.86 0.98 


Ordinary freight in less than car- 
foadsa( Clie eB ioman cies o0 ; 5.80 


Ordinary freight in carloads (CL). . 10.76 


iUROTA) CHS VaR 4 oo bm 6 Oe c 2.91 


TEL Ge 35.64 


462/16 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION AprRIL 1950 


3. Proportioned expenses. 


SS A RTE YN SE EOL OE BE LY 


(Opi |) ey |) ees) |) I syat | 1935 | 1936 | 1937 | 1938 

Rassenser lus eace meen ne AI89) 195.085 | 508m] me -9 38] 0.05) |G: S One 228 | melas) 

Baste freisht wie s hae eae eee 11 O}| me leOSe| ed OSs Malet Siete (Soe 230 le Gn alee 

Mail tratticeet ser emer reir 0.40] 0.34] 0.39] 044] 046) 0.49] 0.48] 0.54 
Ordinary freight in less than car- | 
loadss(ECL) Ges ae eee 212 || 2.06 | 2.26) 2:38) 2:46 | 2°63) 2-43 |) 27 
Ordinary freight in carloads (CL). . 0.16 |—0.08 0.16 | 0:22) 0:59) 057 | 0:82 |" £2618 
ROI ORS WIE 5 5 os 9 5 0 © c 0.71 | 049] 0.49} 0.55] 0.64] 0.78] 0.84] 0.98 | 
| 
Totals 9.39 | 8.92] 10.07 | 10.66} 11.35 | 12.56] 13.06 | 14.72 | 


4. Total expenses (1 + 2 + 3). | 


WT |p WED |] ass |) TBE |) IS | IBS, |) IB || ORE 
PEISSEINAS, INUIEANIS 5 5 Go Gc 61.40 | 64.00 | 64.10 | 65.62 | 68.40} 73.88 | 84.29 | 91.33 | 
astecrel oi Cae ieee es. Mee ice oe onicte te 12.88 | 12.77 | 12.50'| 12.56} 12.64 | 12.84 || 13:16 | 13°84 | 
iMleyil (MERE 5 5 5 5 5 See ae ArH, Sol) Sil] Sab! BBVA) SyAhl 5.76 | 6.24 | 
Ordinary freight in less than car- | 
IES GECIL) 6 eo a oo oo « 25.46 | 25.72 | 25.77 | 26.25 | 26.75 | 27.72 | 27.98 | 28.99 
Ordinary freight in carloads (CL). . | 40.97] 37.28 | 35.32} 37.52 | 39.50] 40.43 | 47.46 | 51.01 | 

JEROYO. (ORS WRENN. 5 5 5 6 6 ob 0 8 10.18] 7.84] 6.93] 7.54] 8.60] 9.74} 11.98 | 13.06 


Total . . . [155.87 }152.74 |149.77 |154.72 |161.23 |170.04 |190.62 |204.47 
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5. Total revenues. 


Wil | Wse |) OB || TGs | TIGR || TRG || lesa |) TORE 
ee ae ee eee 


Passenger, luggage ..... . . | 66.14] 61.33 | 60.22] 66.26] 71.23 | 76.45 | 82.90 | 88.451 
IFES WRENS gs gp oo GB oo oo |) MOS] SSA GeVS|) OG! || 1OS9 |) 4S |] WilOw || 1D46 
Mailstranicnw nets. se 44 se 8.19} 8.00] 8.00] 8.28] 8.41] 8.86] 944] 9.84 

Ordinary freight in less than car- 
iacs (UE) 3g 0 6 o a 0 oo o || HOSE WAS) WSS || 2026 |) Qi || 23.35 || 2546 || B60! 
Ordinary freight in carloads (CL). . | 59.54] 51.01 | 51.85 | 60.52 | 64.75 | 68.40 | 78.49 | 76.12 
TOM OS WRN 2 5 5 6 0 0 oo 6 |] WSe4b|) GOI || G25 |] S06 || i747 || ISO || 2x63: || S589 
Total . . . {179.10 }164.23 }164.13 1181.92 |194.64 |207.51 |237.90 |248.80 


6. Surplus or deficit of revenues above direct expenses (5 — 1). 


| IOS || USB |) IG || WEs4e || Os) || IBS | G7! |p Tis 

Passenger, lugsape ....%... .. | 21.58} 15.33 1°14.08 | 19.26'| 22127 | 24.23 | 24.46 | (2637 
TPRIGe Ine eanteY 9 se Wa oon BE SUE ee oc 100] O27 |) Of5)) 132 LED) QO |) AsO) 2xoil 
Nau NuTeNRe Go gees eee a BL ood a 4.63} 4.20] 4.10] 446] 4.51 AVS j)  Sy-aill 5.50 
Ordinary freight in less than car- A 
loads (LCL) LP | ate S206? |—_OO |) Bee | Bhatsh |) Gist 6.22 | 6.87 
Ordinary freight in carloads (CL). . | 31.03 | 24.41 | 26.97} 35.07 | 38.33 | 41.48 48.30 | 44.65 
ROM Owes) WING Goo © 6 a oc 0153112247) 12045 1) 11289) |) 12079), 13-58 22.71 | 28.43 
Total . . . | 69.19] 56.05] 58.15 | 74.22 | 83.18 | 91.11 |109.30 |114.42 
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7. Surplus or deficit of revenues above total expenses (5 — 4). 
RS SE I A I OS I SE SS I EES I EE LS LLL EES, 


101 1932 | 1933 | 1934 } 1935 | 1936 1937 | 138 
Passenger, luggage 4.74 |—2.67 |—3.88 | 0.64 2.83 2.57 |—1.39 |—2.88 
Fast freight 2.30 j—3.03 |—2.54 |—1.93 1.65 1239 1.19 ;—1.38 
Mailstratiicn) 3e 0); ee eee a eer es BOP |) PSS |) DEI | SO B07 3.45 3.68 | 3.60 
Ordinary freight in less than car- 
loads (LCL) ae 6.14 |—8.47 |—7.92 |—S5.99 4.95 4.37 2.52 |—2.95 
Ordinary freight in carloads (CL). 1857 MB a7StEG 535123 008 eZ 5225) ee Ome IeO Sn meeean | 
Tron ore traffic . SO OT oS 2Ale sae 8.87 S261 1765) 22285 | 
| 
Total . DBS 11.49 | 14.36 | 27.20 | 33.41 | 37.47 | 47.28 | 44.33% | 
| 


they are able to compute such statements 
also of various lines or groups of lines and 
of different classes of travel, i. e. Ist, 2nd 
and 3rd. 


Concerning the economic data given 
above under 7. (« Surplus or Deficit of 
Revenues above Total Expenses »), the 
following commentary may be added. The 
result of a surplus and deficit calculation for 
various classes of traffic, such as this one 
which on the cost side to a very great 
extent contains allocated common and 
constant costs, says nothing about the 
profitability of the different classes of traffic 
judged from the viewpoint of the whole 
enterprise, which however is the only 
economically relevant basis for judgment 
which can be applied to anyone of the 
branches of production included in the 
enterprises operation. Thus, a deficit 
according to a calculation of the above 
mentioned type need not mean that a 
discontinuance of the class of traffic in 
question will increase the profits of the whole 
enterprise, but only that the class of traffic 
in question does not contribute to the com- 
mon costs of the whole of the railway traffic 
in the same proportion as those classes of 
traffic which allow a surplus. On the other 
hand, the revenues of the class of traffic in 


question may, in spite of this deficit, be 
considerably greater than the subtractional 
costs, which would be saved if the class of 
trafic were discontinued, for which reason | 
the class of traffic in question es | 
contributes toward the increasing of the | 
whole enterprise’s profits to the extent that | 
these revenues exceed these subtractional 
costs. It pays therefore to retain such | 
classes of trafic as long as they make al | 
least some contribution to the covering | 
of the common and constant costs of | 
production and, thus, through their exis: | 
tence, increase the entreprise’s profits. | 


Therefore, in practical business policy, 
when it is a matter of choosing between 
several possible alternatives of action, 
profit and loss statements according to the 
accounting method cannot give any direct 
indication to an economically rational 
choice. In order to make the economic 
consequences clear and thus facilitate a 
choice between different possible alterna- 
tives of action, concerning price policy as | 
well as production and investment policy 
of the railway enterprise, the calculation 
method in section IV, called « the alterna-— 
tive budget method » or « profitability 
estimations », must be used instead. 


Even though such profit and loss states 


: 
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ments prepared by the accounting method 
are not directly usable when it is a matter 
of choosing between different economic 
alternatives of action in practical business 
policy, they may nevertheless be of value 
in judging the development of expenses and 
revenues of different branches of business 
and can, when made in an appropriate way 
and put together for a sequence of years, 
serve as a guide in the work of increasing 
the efficiency of the business. 


Thus, in a railway enterprise, if one wants 
to study the economic development of, for 
example, different classes of traffic during a 
continuous period of years, a rather good 
survey should be obtained through the 
following modification of the accounting 
method, which modification a _ special 
government committee has proposed should 
be used in the Swedish State Railways. 
For each class of traffic and year, there 
are first rendered accounts regarding the 
separable costs of the class of traffic in 
question, after which these costs are divided 
up into two parts, namely those which upon 
a temporary discontinuance of the class of 
traffic in question would be variable costs, 
and those which would remain constant 
costs. It should be particularly called to 
attention that this calculation will not be 
used for judging whether the traffic should 
be temporarily discontinued but that it has 
been introduced in order to get a division 
of the costs into variable and constant 
costs. A situation with temporarily dis- 
continued traffic should almost correspond 
to a disappearance of expenses of operating 
personnel, materials and rolling stock, while 
on the other hand expenses of permanent 
way and structures will remain. After this 
specification of the separable costs of the 
different classes of traffic, the revenues of 
each kind of traffic are stated, which receipts 
in this case could be obtained completely 
as separable revenues of the respective 
classes of traffic. The difference between 
revenues and separable costs constitutes the 
«surplus above separable costs » (« out- 
of-pocket profits or losses »») of the classes of 
traffic in question. Such a calculation for 
all classes of traffic having been carried out, 


10* 


BULLETIN OF THE INT, RAILWAy ConcRESS ASSOCIATION 


465/19 


the expenses common to two or more 
classes of traffic are stated. These expenses 
are divided up in such a way that, in a case of 
temporary discontinuance of the _ traffic, 
they could be considered as variable and 
constant costs, respecuvely. The difference 
between the sum of the surpluses of the 
different classes of traffic, mentioned above, 
and the common expenses constitutes the 
enterprise’s total net revenue. 


Often a result more interesting and illu- 
minating from a business-economic point of 
view can be obtained by regrouping the 
above named cost categories in such a way 
that accounts regarding the variable separable 
costs of each class of traffic are rendered first, 
after which the variable common costs of two 
or more classes of traffic — which generally 
should consist of personnel and material 
costs — are divided up among the different 
classes of traffic, which division often may 
be possible to perform in a way relatively 
satisfactory from an economic standpoint. 
In this way a first approximation for each class 
of traffic is obtained to the variable costs 
(subtractional costs) which could be 
expected to be saved if the class of traffic 
in question were temporarily discontinued. 
If the revenues of the various classes of 
traffic are compared with these variable 
costs, the «surplus above variable costs » 
of the classes of traffic can be found. After 
such an operation is performed for all 
classes of traffic, it might also be convenient 
to state in the survey both the .constant 
separable costs of the class of traffic in ques- 
tion and the constant common costs, jointly 
caused by two or more classes of traffic. If 
the constant separable costs of the classes 
of traffic as well as the variable costs are 
deducted from the revenues of the various 
classes of traffic, the «surplus above va- 
riable costs and constant separable costs » 
of the different classes of traffic is obtained. 
The enterprise’s net-revenue is finally 
obtained by deducting the constant common 
costs from the sum of the last named sur- 
pluses. In conclusion, the different links 
in this separate rendering of economic 
results of different classes of traffic can be 
shown in the following way : 
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Class of traffic 


f Revenues (1) . . 


| Variable costs (2) . 


Surplus above variable 
costs (3) = (1)-@) . 


Constant separable costs 


(4) 


Surplus above variable 
costs and constant sep- 
arable costs (5) = (3)- 


(4) . 


Constant common costs 


(6) . 


Net revenue (7) 


Ox 


= (ie 


As the calculation of the constant costs 
(items (4) and (6) above) becomes rather 
undefiniie, above all because of the fact 
that depreciation costs will vary with varia- 
tions in prices of assets, etc., the develop- 
ment of the surplus above variable costs 
of the different traffic classes (item (3) 
above) often allows a more reliable estima- 
tion of the economic development of the 
enterprise than a study of the surplus that 
is received after subtraction also of the 
constant separable costs (item (4) above). 

These surplus and deficit calculations 
become considerably more difficult with 
regard to those branches of production, 
where the revenues are not separable, as 
they were above with regard to the various 
classes of trafic, but common for two or 
more branches, common revenues. ‘This is 
the case, if one wants to prepare surplus 
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and deficit statements of different lines or 
sections of the railway system. ‘Then one 
usually allocates the revenues common 
to two or more lines between the different 
lines in proportion to the number of kilo- 
meters that the transports in question have 
covered on the lines in question. The more 
and the shorter the individual lines are, used 
such calculations, the less becomes, 
relatively seen, the traffic within each 
individual line (the intra-line traffic), the 
revenues of which are separate revenues of 
the line in question, and the greater becomes 
that part of the line’s traffic that is common 


to this and other lines (the inter-line traffic), — 


the revenues of which are common revenues. 
An economically adequate allocation of such 
common revenues between different lines 
or groups of lines is only possible in rare 
cases of exception. In order to eliminate 
this allocation problem as extensively as 
possible, one therefore has to confine the 
calculations to a smaller number of lines or 
groups of lines, where thus to a high degree 
the traffic within each line or group of lines 
consists of intra-line traffic, by which fact, 
as mentioned before, the greater part of 
the revenues of the individual lines or 
groups of lines become separable revenues. 
Also with regard to the costs there are 
reasons for confining these regional calcula- 
tions of surplus and deficit to a smaller 
number of lines or groups of lines. Hereby 
the common expenses of the individual lines 
or groups of lines become relatively small 
and the main part of the costs are separable 
costs. Even if thus, by choosing greater 
groups of lines as objects of these regional 
statements of economic results, the common 
revenues and common costs, joint for several 
lines or groups of lines, can be cut down 
considerably, the remaining common reve- 
nues and common costs, will often be of a 
relatively important magnitude in spite 


of all. 


| 
| 
| 
| 


| 


VI. — The alternative budget method. 


(Profitability estimations) 


In the preceding parts, especially in 
part IIT, it has been stressed that the railway 
enterprise, for a rational shaping of its 
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business policy, needs a type of calculation, 
then called profitability estimations or the 
alternative budget method, which consists of 
estimating what changes a certain acting 
alternative (business plan) can be expected 
to cause in the expenses, revenues and net- 
revenues of the enterprise in comparison 
with the case that the plan in question is not 
executed or a certain other plan is chosen. 
Bysuch profitability estimations one thus ob- 
tains statements of the net-value of various 
possible plans of the enterprise, by which 
statements it is also possible to estimate the 
relative value of each of these plans. 

Provided the aim of the enterprise activity 
is to obtain a maximum net-revenue the 
general profitability criterion can be stated 
in the following way. Each _business- 
political measure (changes in rates and 
fares, of quality with regard to the services 
sold, changes in the size of plants, etc.) is 
profitable for the enterprise as a whole 
if there is an increase of the total net- 
revenues of the enterprise, caused by the 
measure in question. 

If one regards especially the calculation 
problems which are of interest in this 
context, 1. e. the profitability of the passenger 
service resp. the freight service as a whole, 
the problem is, how the total expenses of 
the railway enterprise, its revenues and net- 
revenues would be influenced, if the traffic 
class in question were withdrawn as a 
whole, but the rest of the traffic would 
continue to exist. 

If it shall be profitable for the enterprise to 
maintain the production of a certain product 
or in a certain production branch, it is 
necessary that the subtractional revenues that 
the enterprise would lose, if the production 
in question was discontinued, are greater 
than the subtractional costs, that the 
enterprise would save by such a measure. 
If, on the other hand, the question is to 
begin a new production branch, this is 
only profitable provided the addiuonal 
revenues, obtained by the enterprise, are 
greater than the additional costs caused 
by this new production branch. ‘This is 
thus the criterion of the profitability of 
maintaining or starting a certain traffic 
(traffic branch, etc.). seen as a whole. 
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Also with regard to smaller variations of 
the amount of traffic already existing 
(increases or decreases), which can arise 
either automatically or in consequence of 
active price-policy or other measures, 
taken by the railway enterprise, the profita- 
bility criterion will be the same, i. e. every 
increase of traffic that is followed by a 
greater additional revenue to the railway 
enterprise than the additional costs caused 
by the traffic increase, respectively every 
decrease of traffic which occasions a greater 
subtractional cost than the subtractional 
revenue caused by the decrease of traffic, 
will be profitable for the railway enterprise. 


In general the enterprise has, in a certain 
situation, the possibility to choose between 
several different acting alternatives, not 
only one of which, but also several, can be 
profitable for the enterprise in the sense 
mentioned before. The most profitable 
of the existing alternatives is of course the 
one that brings the greatest increase of net- 
revenues of the enterprise as a whole. 


Even if, in case of a « withdrawal-calcu- 
lation » for a certain branch of traffic, it 
should turn out that the subtractional costs 
are greater than the subtractional revenues, 
i. e. one would save more in costs than one 
would loose in revenues by withdrawing the 
branch of traffic in question, it need not be 
sure that this acting alternative should be 
the most profitable for the enterprise. Only 
provided that the costs vary in direct 
proportion to the changes in the amount 
of waffic in the branch of traffic in question 
(« proportional costs »), the deficit of the 
present amount of the traffic will become 
greater than in case of a total withdrawal 
of the traffic. If, on the other hand the 
relative change of the costs is smaller than 
the relative change of the amount of traffic, 
i. e. the costs are degressive, the deficit o: 
the present amount of traffic can of course, 
as in case of proportional costs, be greater 
than in case of a total withdrawal of the 
traffic; but as the costs of an increase of 
the traffic usually increase relatively slower 
than the traffic, the deficit of the present 
amount of traffic will diminish when the 
traffic increases, if it is possible to obtain 
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such an increase of traffic without, or with 
not too much, changing (i. e. lowering) the 
tariffs. In case of a sufficiently strong 
increase of traffic the present loss could 
possibly, because of the lowering of the 
costs, be expected to turn into a surplus of 
the traffic branch in question. From a 
business-economical point of view it depends 
thus on the circumstances in the single case, 
if one is to withdraw entirely or to increase 
the production. If, finally the costs should 
be progressive, i. e. increase resp. decrease 
relatively faster than the traffic, the loss 
would diminish provided that the traffic 
was reduced and, in case of a sufficiently 
great reduction of traffic, probably turn 
nto a surplus. In this case, therefore, it 
will be most profitable to reduce the traffic 
somewhat, but not to withdraw it completely. 


As mentioned before, a «full cost», 
calculated by allocating common and 
constant costs can only exceptionally be 
expected to correspond to the additional 
or subtractional costs relevant for business 
policy. Therefore a price and production 
policy based on such calculated full costs 
will probably lead to a decrease of the 
profit of the enterprise. 


In the following it shall be made clear 
by means of some examples how one can 
prepare these profitability estimations, ne- 
cessary for a rational business policy, with 
regard firstly, to the passenger traffic resp. 
the freight traffic as a whole, and secondly 
to a certain increase of the amount of traffic 
for passenger traffic resp. freight traffic. 


‘Thus, in the first case one endeavours to 
obtain a conception of the profitability 
of passenger and freight traffic as a whole. 
In this case one postulates that the passenger, 
respectively the freight traffic, are with- 
drawn alternatively, but that the rest of 
the traffic is maintained. Thus the question 
here is about a hypothetic calculation, as 
one in several cases might doubt that the 
freight traffic could be maintained unchan- 
ged, if the passenger traffic was entirely 
withdrawn, and vice versa. One has to 
try to estimate for each single item of 
operating expenses in what way this should 
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be altered, if the traffic class in question was 
withdrawn. These calculations must, of 
course, become approximative (a sort of 
intelligent guessing), but with practical 
operating experience as a basis one ought 


to come to a rather right estimate of, how - 


the economy of the railway can be expected 
to be influenced by such a measure. Such 
calculations have been executed in several 
cases in Sweden during the last decenniums. 
This was usual with regard to individual 
lines of the railway system, situated in 
districts, where there was very keen compe- 
tition by motor transport and where in 
consequence either the passenger traffic or 
the freight traffic or both of them had 
decreased so in volume, that the question 
of a complete or partial withdrawal was 
actualized. 


In order to make clear how these calcula- 
tions are prepared and what use one can 
have of them for practical business policy, 
some especially instructive examples from 
a Danish traffic investigation of the 1930-ies 
will be cited here. The profitability estima- 
tions embraced four private railways with 
different structure as regards traffic and 
operating conditions. In table 3 below are 
gathered amounts of traffic and operating 
expenses of these four railways, termed 
As, B,, Cranad) D: 


If the passenger traffic, respectively the 
freight traffic should be withdrawn entirely, 
a saving of operating expenses (subtractional 
costs) could be expected, as it is made clear 
by the following table 4. By subtracting 
these savings in passenger, respectively 
freight traffic, obtained by the withdrawal 
of the traffic, from the total operating 
expenses in table 3, one obtains as a rest 
the expenses in case the railway in question 
should be operated as a freight railway 
only, and if one, on the other hand, subtracts 
the savings in case of a withdrawal of the 
freight traffic from the total operating 
expenses, one obtains as a rest the expenses 
of the railway, operated as a passenger 
railway only. These operating expenses of 
the railway, operated as a passenger rail- 
way, respectively freight railway only, are 
also shown in table 4. 
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TABLE 3. 
SS A BL EW I ST SSE SE SS TS I FP EEE EO EES 
Passenger-km | Freight ton-km Operating expenses, 
| crowns 
RAILWAY Total per km Total per km Total | per km 
of road of road | of road 
Thousands 
A 6 521 180 1 540 42.0 483 13.3 
B 4 183 118 1) 2 34.0 392 11.0 
(Cea, Aart Sees RE DSO | 61 566 1335 284 6.8 
| | 
D 27) | Di 311 6.6 184 4.1 
Totalee: 14535 | — 3 629 — 1 343 a 
Average for A-D 3 634 | 90 907 225 336 8.3 


TABLE 4. 


Savings in expenses (crowns) 
by discontinuing 


Operating expenses (crowns) 
when the railway is operated 


Only | Only 
RAILWAY Passenger Freight for passenger for freight 
service service service service 
Thousands 

1A 203.6 156.7 326.3 279.4 

B 142.8 129.5 262.6 249.3 

@ D355) 113.7 170.6 188.8 

D 55.6 47.6 136.1 128.1 

Total . 497.5 447.5 895.6 845.6 

Average for A-D. 124.4 111.9 223.9 211.4 
Considering the average figures of all 224000 Cr., which corresponds to the 
railways in this table, one finds that the amount that it would cost to run the 


part ot the expenses that can be ascribed 
to the passenger traffic is not greater than 


railway as a passenger railway only, without 
freight traffic. On the other hand, the 
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expenses of the passenger traffic must not 
be less than 124 000 Cr., which corresponds 
to the amount that should be saved, if the 
passenger traffic was withdrawn entirely 
or, to express it in another way, the amount 
by which the expenses can be expected to 
be increased, if a mere freight railway 
starts passenger traffic of the size in question 
here. 
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In the same way can be determined an 
inferior limit and a superior limit of that 
part of the expenses that can be distributed 
to the freight traffic, and one finds thus that 
the minimal expenses is 112 000 Cr. and the 
maximal expenses 211 000 Cr. 
expenses thus calculated are put in relation 
to the amount of the traffic in person- 
kilometers and ton-kilometers, the following 
table 5 can be formed : 


TABLE 5. 


Expenses (6re) 
per passenger-km 


Expenses (6re) 
per freight ton-km 


RAILWAY 
Minimum Maximum Minimum Maximum 
A Boll 5.00 10.18 18.15 
B 3.41 6.28 10.68 20.57 
Ca re pant (eh. 373) 6.66 20.09 33.35 
D 4.38 10.72 15.31 41.19 
Average for A-D. 3.42 | 6.16 1233 233k 


The differences given in the table between 
the maximal and minimal expenses for 
passenger, respectively freight traffic is 
caused by the fact that a part of the expenses 
of the railways are common and constant 
expenses which are not influenced, if a 
certain traffic class is withdrawn. 

This) isttas far as\one “can go, from 4 
theoretical point of view, with the distri- 
bution of the total costs of the. traffic 
between the two classes of traffic, passenger 
and freight traffic. Practically, one will 
often go further with this distribution and 
also divide the common and the constant 
expenses, without rest, between the two 
classes of traffic. One is then compelled to 
introduce special assumptions as a basis for 
this allocation which assumptions can be 
more or less arbitrary. Such an allocating 
basis which is often used in various public 
utilities, and which, both from a theoretical 


and from a practical point of view seems to 
be very motivated, is the following which 
has also been applied with regard to the 
four railways here concerned. If one 
postulates a mere passenger railway of the 
average type here concerned, the annual 
operating expenses are 224000 Cr., and 
further if it is presumed that the expenses for 
a mere freight railway are 211 000 Cr., the 
sum of both expenses is 435 000 Cr., when 
they are operated each apart. Ifthe passen- 
ger traffic and the freight traffic are operated 
together, the operating becomes cheaper, and 
the annual expenses are then 336 000 Cr., 
which is equal to a saving of 99 000 Cr. or 
23 % of the 435 000 Cr. If one now wants to 
distribute the savings that is caused by 
joining the operations of passenger and 
freight traffic, it seems to be very motivated 
that this is performed uniformly upon 
both classes of traffic. The expenses of the 


lf thes 
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passenger traffic will then decrease by 
B37, from 224000 Cr.- to 173 000 Cr., 
and the expenses of the freight traffic 
fikewise by 23 % from 211000 Cr. to 
162 000 Cr. The amounts of expenses thus 
calculated for passenger and freight traffic, 
which could be termed standard expenses, 
are to be found in table 6, and likewise 
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expense 4.75 Gre, so the passenger traffic 
leaves a surplus. ‘The freight traffic, on the 
other hand, has a revenue of 12.46 O6re 
per ton-kilometer and a standard expense 
of 17.98 Gre, that means a rather consi- 
derable deficit. In average for all four 
railways, the freight traffic pays barely 
its minimal expenses of 12.33 Gre, corres- 


TABLE 6. 


PASSENGER SERVICE 


RAILWAY Minimum | Maximum | Standard Reventies 
expenses expenses expenses 
Gre per passenger-km 
A Bale 5.00 | 8799 Se) 
B 3.41 6.28 4.81 5.24 
G 373} 6.65 Sei 5.66 
D 4.38 10.72 7.45 5.84 
Average for A-D. 3.42 6.16 4.75 Sa 
FREIGHT SERVICE 
Ear aveas gavin] Men | Soo see 


ore per freight ton-km 


a ee Oe == = 


A 10.18 
B 10.68 
C 20.09 
D lisse! 
Average for A-D. 12933 


the above calculated minimal and maximal 
expenses, and the revenues of the four 
railways. All statements are made in Ore 
per passenger-kilometer, respectively per 
ton-kilometer. 

It appears from this table that the 
revenue per passenger-kilometer of all four 
railways is 5.52 6re and the standard 


18.15 14.47 11.47 
20.57 15.76 11.05 
33°35 26.38 18.06 
41.19 28.64 12.66 
PB 17.98 12.46 


ponding to the expenses caused directly 
by freight traffic, and which would be 
saved, if the freight traffic was withdrawn. 

As to the single railways, they show some 
deviations from the average results. Con- 
cerning the passenger traffic railway A has 
a great surplus in comparison with the 
standard expenses, while the surplus of the 
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railways B and C is of a more moderate 
amount, and railway D finally has a great 
deficit of the passenger traffic. The freight 
traffic gives for all four railways a consider- 
ably smaller revenue than the standard 
expense per ton-kilometer. For the rail- 
ways C and D the revenues are moreover 
smaller than the minimal expenses, while 
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in maintenance of equipment and about 
40 % in train and station service. As to 
maintenance of way and general adminis- 
tration the savings were calculated to be 
only 20 %. The savings for the single rail- 
ways vary of course in different expense 
items because of differences in the operating 
and traffic structure of the railways. 


TABLE 7. 


Road 
A 


Road Total 
for road 


A-D 


Road | 


Road 
B ID 


crowns, thousands 


Passenger service : | 
Total revenues . 364.8 PSS 144.9 74.1 803.1 
Minimum expenses for passenger service 203.6 142.8 S55) 55.6 497.5 
Surplus of revenues above minimum 

expenses = contribution of passenger | 

service to common expenses 161.2 76.5 49.4 18.5 305.6 

| 

Freight service : | 
Total revenues . Own 134.0 tone | 32). 452.2 
Minimum expenses for freight service 156.7 129%5 11 155 9 47.6 447.5 
Surplus of revenues above minimum 

expenses = contribution of freight 

service to common expenses 20.0 4.5 — 11.5 — 8.3 4.7 


the revenues of the railways A and B 
rarely pay the minimal expenses, i. e. the 
expenses directly caused by the freight 
trafic (subtractional costs). 

Totally for the four railways, the total 


expenses would decrease by 37 °/, in case of 


withdrawal of the passenger traffic. The 
savings for the single railways vary between 
30 and 42 %. The savings in the operating 
expenses are, however, very different in 
different expense items, amounting to 48 % 


The savings that would be made, if the 
freight trafic was withdrawn deviate rather 
considerably in magnitude from _ those 
calculated above 


of the passenger traffic. Thus the average 


in case of withdrawal | 


savings have been calculated for the four | 


railways together to 33 °% and vary for the | 


single railways between 27 and 40 °%,. 


For | 


i 
; 


three of the railways the savings by with- | 


drawal of the freight traffic would be smaller 
than by withdrawal of the passenger 


| 
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traffic; but for railway C these savings were 
calculated to be 40 % against 34 % in 
case of withdrawal of the passenger traffic. 

The greatest savings by withdrawal of 
the freight traffic are made in station 
expenses, where they amount to 47 %%, and 
in train expenses, where they are 41 %. In 
maintenance of equipment the savings are 
30-35 °%, in administration 25 °%, and finally 
in maintenance of way only 8 %. Also in 
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each of the railways. By subtracting the 
minimum expenses of the passenger traffic 
from the total revenues of the passenger 
trafic the contribution of the passenger 
traffic to the common expenses is obtained; 
the meaning of « common expenses »>, is as 
mentioned before, expenses that are caused 
toby both the passenger and the freight 
traffic, but which cannot be directly ascribed 
to one of these classes of traffic. A similar 


TABLE 8. 
FE PST I aT ES ES ST IEF NL LE BE SS YS STE TSE RE PS EET PIS EY AE EEE SE SS EE SS ER ee 
Road Road Road Road Total 
for road 
B G D A-D 
| 
crowns, thousands 
Total expenses of the road 483.0 392.1 284.3 183.7 1.343.1 
Whereof : Minimum expenses for pas- | | 
senger service WG | Wns 95.5 55.07 47> 
For freight service 156.7 129.5 Si 47.6 447.5 
Remainder = Common expenses . 227. 119.8 IDs! 80.5 398.1 
Common expenses are covered by sur- | 
plus of revenues above minimum | 
expenses from : 
Passenger service . 161.3 76.5 49.4 18.5 305.6 
Freight service . 20.0 4.5 = 1ULS = 8.3 | 4.7 
Surplus or deficit of revenues above 
common expenses. 58.4 — 38.8 — 37.2 — 70.3 — 87.8 


the freight traffic the relative savings are 
different for the single railways, which is 
explained, as mentioned before, by their 
different operating and traffic structure. 
A general survey of the importance of 
the two classes of traffic for the economy 
of the four railways can be obtained from 
table 7, where the total revenues, minimum 
expenses, and surplus of revenues of both 
passenger and freight traffic are given for 


calculation was made for the freight traffic, 
which showed clearly that the contribution 
of the freight traffic to the common 
expenses was very small, and that two of 
the railways. (C and D) gave a negative 
contribution, i. e. the revenues of the 
freight traffic of these two railways did not 
pay the minimal expenses. 

In table 8 above the statements given 
before have been arranged in another way, 
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so that the total expenses of the railways 
are given first and then the minimum 
expenses of passenger, respectively freight 
trafic. By subtracting these two minimal 
expenses from the total expenses of the 
railway in question, a remainder is obtained 
which can be said to correspond to the 
common production expenses. These 
common production expenses are paid by 
revenues (above the minimal expenses) 
from the passenger, respectively freight 
traffic, and here arises a surplus for railway 
A, while there is a deficit for the railways 
B, C and D. The contribution to the com- 
mon production expenses is mainly due 
to the passenger traffic, while the contri- 
bution from the freight traffic is very small 
and even negative for the railways C 
and D. It may be of interest to realize in 
this context, that while it was often regarded 
as nearly a general rule that it is above 
all the freight traffic that contributes to the 
paying of the common and constant costs 
of the railway traffic, in the case of these 
four Danish private railways, it was the 
passenger traffic that was of the greatest 
importance for covering of these common 
expenses. 

The calculations given above are to show, 
how the economy of the railways can be 
expected to be influenced by a complete 
withdrawal of a certain class of traffic. 
Similar profitability estimations can of 
course also be performed for smaller varia- 
tions in the amount of the passenger or 
freight traffic, and such calculations for 
smaller variations are the most usually 
needed in practical business policy. 

A comparison between the subtractional 
expenses and revenues of two different 
classes of traffic as a whole yields very little 
material for a judgment e. g. of the shaping 
of the concrete price policy with regard to 
these classes of traffic which, as to each 
single class, may contain differentiationsin 
tariffs of various kinds, with regard to the 
length of the haul, the value of the various 
kinds of goods, the intensity of the competi- 
HOM, CHC, Practically the price policy 
therefore mainly consists of measures with 
regard to smaller parts or segments of 
trafic. An example of such a profitability 
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estimation of a smaller variation in the 
amount of the traffic is given below. Also 
this example is taken from the Danish 
investigation, mentioned above. With 
regard to the railways A and B it was thus 
calculated how the expenses would be 
influenced in case of an increase of the 
amount of traffic by 25 °%, provided that 
this increase was uniform in percentage in 
the whole railway system and during the 
whole year; the peak load increased thus 
by 25 %. The main results of these calcula- 
tions may be seen in table 9. At the same 
time it was presumed that this increase of 
traffic could be obtained without changing 
the tariffs. The table indicates that there 
is a considerable difference between the 
passenger and the freight traffic with regard 
to the question how the increase of traffic 
influences expenses and revenues. An 
increase of the passenger traffic brings on 
very small additional expenses compared 
with the additional revenues that are 
obtained, while the additional expenses 
caused by an increase of the freight traffic 
are more than half of the arising additional 
revenues. 


VII. — SUMMARY. 


1. Unprofitable parts or branches of 
railway traffic can be localized by cost and 
revenue analysis. Management is then in a 
position to decide if and in what way the 
losses of these branches can be reduced and 
possibly turned into profit. In the railway 
industry such cost and revenue analyses 
in order to determine the relative profitabi- 
lity of different branches of traffic are almost 
as old as the railways themselves. 


2. Calculations of net operating income 
(surplus or deficit) from passenger and 
freight service have for a long time been 
applied by railways in different parts of the 
world either as a routine from year to year 
or only as special investigations on certain 
occasions. ‘These surplus and deficit calcul- 
ations were performed according to two 
different points of view, i. e. firstly in the 
form of a retrospective analysis of the 
expenses for a past year. « the accounting 
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TABLE 9. 


Actual revenues from passenger service 


Actual revenues from freight service 


Actual total expenses 


An increase of passenger service by 25 % will cause : 


Additional revenues, amounting to 
Additional expenses, amounting to 
An additional nef-reyenue, amounting to 


An increase of freight service by 25 % will cause : 


Additional revenues, amounting to 
Additional expenses, amounting to , 
An additional net-revenue, amounting to .. 


A simultaneous increase of both passenger and freight service by 


25 % will cause : 
Additional revenues, amounting to 
Additional expenses, amounting to 
An additional nef-revenue, amounting to 


method », secondly in the form of a pros- 
pective estimation of future expenses and 
revenues, « the alternative budget method ». 


3. As to the accounting method one can 
distinguish two lines of development, 
firstly one more schematic that is 
mainly confined to distributing the expenses 
between passenger and freight traffic only, 
secondly a more detailed accounting analy- 
sis according to which a subtle division 
between various traffic branches, etc., takes 
_ place. 

In an enterprise with so complicated 
production conditions like a railway it is 
necessary to put well-defined questions with 
regard to all cost calculations, if these 
should be useful for practical action. First 
with a well-defined acting alternative as 
a basis it will be possible to get a definition 
of the costs and revenues of this acting 
alternative. 

Therefore, in practical business policy, 


3109 | 1792 
1952 nnn aa 
483.0; enN wnh392ut 
ator | 44.8 
104. 04 44 
66.8 40.4 
Pen VN aes 
P18.» |. 29265 
say he Gan 
| 
126.5 81.4 
373 35.7 
89.2 45.7 


when it is a matter of choosing between 
several possible alternatives of action, profit 
and loss statements according to the account- 
ing method cannot give any direct indica- 
tion for an economically rational choice. 
In order to make the economic consequences 
clear, and thus facilitate a choice between 
different possible alternatives of action, 
concerning price policy as well as produc- 
tion and investment policy, the calculation 
method in part IV, called « the alternative 
budget method » or « profitability estima- 
tions », must be used instead. 


4, Even though such profit and _ loss 
statements prepared by the accounting 
method are not directly applicable when 
it is a matter of choosing between different 
economic alternatives of action in practical 
business policy, they may nevertheless be 
of value in judging the development of ex- 
penses and revenues of different branches 
of business and can, when made in an 
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appropriate way and put together for a 
sequence of years, serve as a guide in the 
work of increasing the efficiency of the 
business. 


5. The situations that the administration 
of the enterprise is confronted with, if invest- 
ments, tariffs, train schedules etc.,, are 
concerned, and for which the enterprise in its 
activity needs guiding by calculations, are 
so different, so heterogeneous, with regard 
to the various acting alternatives that the 
management of the enterprise can make, 
that the calculations in their turn become 
very various, in order to correspond to what 
is economically important in the various 
situations. Only by defining the calculation 
situation itself and the alternatives that can 
be chosen by the administration of the enter- 
prise, one can get a clearly defined concep- 
uon of the costs. These will then be defined 
with regard to the acting alternatives 
between which it may be chosen. The 
costs and revenues will then express the 
economic consequences of choosing a certain 
alternative. Every calculation is, therefore, 
a comparison between different ways of 
acting in a certain given situation. 

Characteristic of these profit calculations, 
is the fact that they give an answer to the 
question, what changes are likely to happen 
in the expenses, revenues and net-revenues 
of the ‘enterprise, if ay certaintichange) is 
made in e. g. operation plans, investment 
plans, pricing policies. The terms relevant 
for these calculations are thus additional 
(incremental) and subtractional (decrem- 
ental) expenses and revenues. 

By such shaping of the calculation pro- 
blem, i. e. with regard to the changes in 
expenses and revenues in consequence of 
a certain alternative business plan, one gets 
rid of the cost and revenue allocations, 
questionable in many cases, which to a high 
degree are characteristic of traditional 
accounting. As the object of the calculation 
is in every case a special business plan, all 
differences in costs and revenues between 
two rival alternatives become — separable 
(additional, subtractional) costs and reve- 
nues to the plan under study and no fixed, 
common or joint costs or revenues need to 
be allocated, if this special business plan is 
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compared with another business plan which 
is used as a «reference » alternative. 


6. Provided the aim of the business 
activity is to obtain a maximum net-revenue, 
the general profitability criterion can be 
stated in the following way. Each business- 
political measure (changes in rates and 
fares, of quality with regard to services 
sold, changes in the size of plants, etc.) is 
profitable for the enterprise as a whole 
if there results an increase of the total net- 
revenues of the enterprise, from the measure 
in question. 

Surplus and deficit calculations for diffe- 
rent classes of trafic according to the accoun- 
ting method, which to a very great extent 
include allocated common and constant 
costs, tell nothing about the profitability of 
the different classes of traffic. Thus a deficit 
according to a calculation of the above 
mentioned type need not mean that a 
withdrawal of the class of traffic in ques- 
tion will increase the profits of the whole 
enterprise, but only that the class of traffic 
in question does not contribute to the com- 
mon costs of the traffic in the same propor- 
tion as the classes of traffic which allow a 
surplus. On the other hand, the revenues 
of the class of traffic in question may, in 
spite of this deficit, be considerably grea- 
ter than the subtractional costs, which 
would be saved if this class of traffic were 
discontinued, for which reason the class of 
traffic in question actually contributes tow- 
ards an increase of the profits of the enter- 
prise to the extent that these revenues ex- 
ceed these subtractional costs. Therefore, 
it pays to retain such classes of traffic as 
long as they make at least some contribu- 
tion to the covering of the common and 
constant costs of production. 

In part VI some examples are given how 
one can prepare the profitability estimations, 
necessary as a guide for a rational business 


policy. 


7. The present situation as regards cost 
and revenue analysis of different classes of 
traffic, etc., is made clear by the answers 
from various administrations consulted. 
Annual statistical statements according to 
the accounting method, showing the calcul- 
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ated profit or loss on the working of pas- 

senger and freight service are prepared 

only by a minority of the railways concerned. 

Most of the other administrations con- 
sulted gave information that they do not 
prepare such profit and loss statements on 
a yearly basis, but that on certain occasions 
special studies are made to determine the 
results of particular services — freight, 
passenger or any other of the other services 
related — and special lines of the railway 
system. 

As to the reasons of the introduction of 
such profit and loss statements of various 
classes of traffic, it seems that most adminis- 
trations originally evolved these statements 
for the purpose of supplying information, 
considered to be of value as a guide for 
fixing the general level of rates and fares 
and controlling the general efficiency of 
operation in the different classes of traffic 
etc. [he importance of these statements 
seems, however, as time goes on, to have 
changed from the final results about profits 
and losses to the cost and revenue analysis, 
implied in the preparing of these statements, 
and many administrations nowadays use 
them primarily as a basis for conducting 
‘gecial inquiries into various phases of 
railway working (efficiency analysis). Often 
the profit and loss statements are also used 
as a general indicator, that facilitates the 
determination whether further studies should 
be made or not, concerning e. g. applica- 
tions for partial or entire abandonment of 
operations on certain sections of lines, 
withdrawal of certain trains and other 
measures for achieving economy in oper- 
ation. 

kk 
APPENDIX. 
ORDER. 

At a Session of the INTERSTATE COMMERCE 
COMMISSION, Division 4, held at its office 
in Washington, D. C., on the 11th day of 
November, A. D. 1935. 

In the matter of rules governing the separation of 
operating expenses, taxes, equipment rents, 
and joint facility rents between freight service 
and passenger service on large steam railways. 


It is ordered, That : 
1. Effective as of January 1, 1936, and thereafter 


BULLETIN OF THE INT. RaiLway ConcGress ASSOCIATION 


477/31 


until otherwise ordered, every class I steam rail- 
way shall classify each of its various items of 
disbursement relating to operating expenses, 
railways taxes, equipment rents, and joint facility 
rents according to the relation which such item 
bears to the freight service and to the passenger 
and allied services of the carrier. Each such item 
shall have its character appropriately indicated 
on the carrier’s records according to its relation 
(a) solely to freight service, or (4) solely to pas- 
senger and allied services, or (c) in common to 
both freight service and passenger and allied 
services, or (d) to neither freight service or pas- 
senger and alllied services. The results of such 
classification shall be shown in the annual or other 
reports made by each such carrier to the Inter- 
state Commerce Commission, as may be indicated 
in forms adopted therefor. Similar analysis shall 
be made of every journal eniry representing a 
charge or credit to the above-named accounts 
and the results of such analysis shall be appro- 
priately indicated on the carrier’s records; 


2. The operating expenses, railway taxes, 
equipment rents, and joint facility rents common 
to both freight service and passenger and allied 
services shall be apportioned between the two 
classes of service in accordance with the annexed 
“Rules Governing the Separation of Operating 
Expenses, Railway Taxes, Equipment Rents, and 
Joint Facility Rents, Between Freight Service and 
Passenger Service on Large Steam Railways, 
Revised Issue », which are hereby approved and 
made a part hereof; and the result of such appor- 
tionment shall be shown in detail for the various 
primary accounts in the annual or other reports 
of each such carrier to the Interstate Commerce 
Commission as may be indicated in forms adopted 
therefor; and 


3. The order of this Commission relating to the 
separation of operating expenses and issued under 
date of December 1, 1919, shall cease to have 
effect after December 31, 1935. 

By the Commission, Division 4. 

(SEAL.) 

George B. McGINTY, 


Secretary. 


Rules governing the separation of 
railway operating expenses, taxes, 
equipment rents, and joint facility 
rents between freight service and 
passenger service. 


It is expected that carriers will first assign 
to freight service or to passenger service, 
including allied services, the expenses that 
are directly or naturally assignable and that 
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this direct assignment will be carried to the 
fullest extent that is practicable, except as 
stated below, without undue increase in 
accounting expense. The methods indicated 
under the various accounts are for dividing 
the common expenses. 


The separation should, as far as practi- 
cable, be made by operating or accounting 
divisions, and the aggregate of the divi- 
sional separations reported for the year. 


I. — Maintenance 
of way and structures. 
201. Superintendence. 
Apportion common expenses according 
to proportions of accounts 202 to 273, 


inclusive, excluding common expenses in 
accounts 247-248. 
202-226. Track expenses, etc. 
It is essential that expenses of all tracks 


which are maintained by respondent be 
separated into the following classes 


1. Yards where separate switching services 
are maintained, including classification, 
house, team, industry, and other tracks 
switched by yard locomotives. Running 
tracks regularly used by road trains, 
passing tracks, and all turnouts from 
those tracks to clearance points should 
be excluded. It is essential that mainten- 
ance expenses of yard tracks be kept 
distinct from those of other tracks. 
Expenses of exclusively freight or pas- 
senger yards should be directly assigned. 
Expenses of yards used in common by 
freight and passenger services should be 
apportioned on the basis of the respec- 
tive switching locomotive-hours in the 
common yards. 


KS 


Station, team, industry, and other swit- 
ching tracks for which no_ separate 
switching service is maintained. ‘The 
expenses of these tracks should either 
be kept distinct or estimated by respon- 
dent on the basis of its experience. 
Assign the expenses directly as far as 
practicable. If any tracks are used in 
common by both freight and passenger 
services, expense may be assigned to 
that service which makes the most use 
of them. 
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3. Running tracks, passing tracks, cross- 
overs, etc., including turnouts from those 
tracks to clearance points. The expenses 
of these tracks (obtained by subtracting 
the expenses of tracks in classes (1) and 


(2) from the total track maintenance) - 


should be directly assigned to freight 
and passenger services, respectively, to 
the extent they are used exclusively by 
one service. The expenses of tracks used 
in common by both services should be 
apportioned on the basis of gross ton- 
miles (including locomotive ton-miles) 
handled over those common tracks in 
the respective services. The gross ton- 
miles of freight service should be taken 
from carrier’s records; those of pas- 
senger service should be estimated on the 
basis of carrier’s experience and include 
loads in tenders, mail, baggage, express, 
and passenger cars. Use average weight 
of 150 pounds per passenger. 


227-228. Station and office bualdings. 


Assign directly, as far as practicable, and 
apportion the unassigned remainder on the 
basis of the directly assigned expenses in 
this account, if those direct expenses are 
more than 50 percent of the total charges 
to this account for the system. Unless that 
is the case, the common expenses should 
be apportioned on the basis of special test. 


229-230. Roadway buildings. 


Apportion common expenses according 
to proportions of accounts 202-226. 


231-234. Water and fuel stations. 


Apportion common expenses according 
to proportions of quantities of fuel (equated 
to coal tonnage basis) charged to accounts 
382 and 394 taken together, after deducting 
quantities issued from fuel stations used 
exclusively by one service. 


235-236. Shops and enginehouses. 


Apportion common expenses of shops 
according to proportions of accounts 308, 


Bil, 314, 317% 323) Gnd 306s sexchr eal 


common expenses in account 326; of engine 
houses according to proportions of accounts 


388 and 400. 
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237-246. 
houses, ete. 

Assign directly or apportion according to 
facts in individual instances. 

247-248. Telegraph and telephone lines. 

Apportion common expenses on basis of 
accoums 201. 3015-351,°371 and 3/2 taken 
together. 

Note. — As accounts 451 and 452 are 
apportioned on the basis of proportion 
established for accounts 201 to 446, inclu- 
sive, they are not included here as bases 
for apportioning accounts 247-248. 


249-250. Signals and interlockers. 


Apportion common expenses on the basis 
of transportation service train hours, includ- 
ing train switching hours. 


251-266. Power plants, etc. 
Assign according to the facts in individual 
instances, 2 


Grain elevators, storage ware- 


267-273. Paving, roadway machines, ete. 
Apportion common expenses according 
to proportions of accounts 202 to 226. 


274-277. Injuries to persons. 

When not determined by the particulars 
in individual instances, these expenses should 
be apportioned according to proportions 
of accounts 202 to 273, inclusive, excluding 
common expenses in accounts 247 and 248. 


278-279. Maintaining joint tracks, etc. 

Joint facility debits should, as far as 
practicable, be treated on appropriate 
bases according to the use made of the joint 
facilities by the debtor carrier, regardless 
of the nature of their use by other carriers. 
The creditor carrier should apportion the 
credits on the basis of accounts 202-273, 
inclusive, excluding common expenses in 


accounts 247 and 248. 


Il. — Maintenance of equipment. 
301. Superintendence. 


Apportion common expenses according 
to freight and passenger proportions of the 
ageregate of all primary accounts in General 
Account II, Maintenance of Equipment, 
omitting common expenses in accounts 
328-335, inclusive, and the total of accounts 


336-337. 


BULLETIN OF THE INT. RAILWay CONGRESS ASSOCIATION 


479/33 


302-303. 

Apportion common expenses according 
to proportions of accounts 308, 311, 314, 
317, 323 and 326 combined. 

304-307. Power plants. 

Apportion common expenses on basis of 
power used. 


Shop machinery. 


308. Steam locomotives-repairs. 


The division should, preferably, be actual 
— that is, the repairs of road locomotives 
assigned exclusively to passenger service 
should be kept distinct from repairs of road 
locomotives assigned exclusively to freight 
service. In cases in which locomotives are 
not run exclusively in one service or the 
other, the repairs of each locomotive, or 
class of locomotive, should be divided 
according to the mileage of the individual 
locomotive or class. 


The annual reports will provide for 
subdividing account 308 between road and 
yard. 

Repairs of locomotives in yard service 
should be divided according to the freight 
and passenger yard switching locomotive- 
hours. 

Two alternate methods for dividing steam 
locomotive repairs between services are 
indicated below. 

1. Where the cost of heavy shop repairs 
is kept by individual locomotives, and the 
cost of running repairs is kept by classes 
of locomotives, the former should be 
apportioned between freight, passenger, 
and yard services on the basis of the 
run-out miles of the individual locomo- 
tive since the previous shopping, and the 
latter apportioned between such ser- 
vices on the basis of the miles run by the 
respective classes of locomotives in each 
service. 

2. Where record is not kept of repairs by 
individual locomotives or classes of 
locomotives, these expenses should be 
distributed between services on the basis 
of locomotive ton-miles or locomotive 
tractive effort ton-miles compiled separa- 
tely for (a) road freight service, including 
train switching; (6) road passenger 
service; (c) yard service — freight; and 
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(d) yard service — passenger. Locomo- 
tive-tons should be determined for each 
class of locomotive, comprising the weight 
of the locomotive in working order, plus 
weight of the empty tender, plus 65 % of 
the net weight of the fuel and water 
when tender is loaded to capacity. 
Locomotive ton-miles should be com- 
puted by multiplying the average tons for 
each class of locomotive, as above 
determined, by the number of miles run 
by each class of locomotive in the res- 
pective services (road freight, road 
passenger, yard freight, and yard pas- 
senger). 

311. Other locomotives-repairs. 

Treat in accordance with the methods 

used for account 308. 


314. Freight-traincars-repatrs. 

Assign directly. 

ois 

Assign directly. 

323. Floating equipment-repairs. 

Apportion according to use made of the 
floating equipment. 

326. Work equipment-repairs. 

Apportion common expenses according to 


proportions of accounts 202 to 273, omitting 
common expenses in accounts 247-248. 


328. Miscellaneous equipment-repatrs. 


Apportion common expenses according to 
percentages used to divide common ex- 


penses of accounts 201, 301 and 371. 


Passenger-traincars- repairs. 


329. Equipment retirements. 

Observe tenor of directions under ac- 
counts 208 to 328. 

330. Extraordinary retirements-equipment. 

Assign directly. 

331. Equipment depreciation. 


Observe tenor of directions under ac- 
counts 308 to 328. 

332-335. Injuries to persons; insurance; sta- 
tionery and printing; and other expenses. 

Apportion common expenses according to 
percentages used to divide common ex- 
penses of account 301. 
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336-337. Joint equipment at terminals. 


Joint equipment charges should as far as 
practicable be treated on appropriate basis 
according to the use made of the equipment 
by the debtor carrier, regardless of the use 
by other carriers. Creditor carrier should 
apportion the credits on the basis of ac- 
count 301% 


Ill. — Traffic expenses. 


351-359. Superintendence; outside agencies; 
advertising; traffic associations; fast freight lines ; 
industrial and immigration bureaus; insurance; 
stationery and printing; and other expenses. 

Assign directly, as far as practicable, 
and apportion the unassigned remainder 
on the basis of the directly assigned expenses 
in this general account, other than adver- 
tising expense. 


IV. — Transportation-Rail line. 
ovale 
Apportion common expenses according 
to freight and passenger proportions of the 
ageregate of all primary accounts in General 
Account IV, ‘Transportation-Rail Line, 
omitting the total expenses in accounts 
390-391 and 412-413, inclusive, and com- 
mon expenses in accounts 407, 410 and 411. 


By 2. 

Apportion common expenses on the basis 
of transportation service train hours, in- 
cluding train switching hours. 

Heh 

Assign directly, as far as practicable, and 
apportion the unassigned remainder on the 
basis of the directly assigned expenses in 
this account, if those direct expenses are 
more than 50 percent of the total charges 
to this account for the system. Unless that 
is the case the common expenses should 
be apportioned on the basis of special test. 

374. Weighing, inspection, etc. 

Assign directly. 

yee 

Assign directly. 

376. Station supplies and expenses. 

Assign directly, as far as practicable, and 


Superintendence. 


Dispatching trains. 


Station employees. 


Goal and ore wharves. 


| 
| 
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apportion the unassigned remainder on the 
basis of the directly assigned expenses in 
this account, if those direct expenses are 
more than 50 percent of the total charges 
to this account for the system. Unless that 
is the case the common expenses should 
be apportioned on the basis of special test. 


377-389. Yardmasters and yard clerks; yard 
conductors and brakeman; yard switch and signal 
tenders; yard enginemen; yard motormen; fuel 
for yard locomotives; yard switching power 
produced; yard switching power purchased; water 
Jor yard locomotives; lubricants for yard locomoti- 
ves; other supplies for yard locomotives; engine 
house expenses-yard; yard supplies and expenses. 


Assign directly, as far as practicable, 
apportioning the unassigned remainder in 
the common yards operated by steam loco- 
motives in accordance with the switching 
locomotive-hours in those yards, and the 
unassigned remainder in the common yards 
operated by other locomotives in accord- 
ance with the switching locomotive-hours 
in those yards. 


392-393. 


tormen. 


Train enginemen and train ino- 


Assign directly, as far as practicable. 
Apportion common expenses on the basis 
of the direct assignments. 


394 e Ll ramajiel 


Assign directly, as far as practicable. 
Apportion common expenses on the basis 
of the direct assignment. 


395-396. 
chased. 


Train power produced and pur- 


Assign directly, as far as practicable. 
Apportion common expenses on the basis 
of the direct assignment. 


So 


Apportion common expenses on the basis 
of the equated net tons of fuel consumed by 
steam locomotives in freight-train and 
passenger-train services, respectively. 


398-399. Lubricants and other supplies for 


train locomotives. 


Water for train locomotives. 


Observe tenor of directions under ac- 


counds 392-393. 
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400. Enginehouse expenses-train. 


Expenses at each enginehouse should 
be divided according to the number of 
engines handled for each service. Where 
various classes of engines differ considerably 
in expense of handling at an enginehouse, an 
arbitrary should be adopted representing 
such variation and the number of engines 
handled modified accordingly. 


401-402. 


expenses. 


Trainmen and train supplies and 


Observe tenor of directions under ac- 


counts 392-393. 
403. 
Assign to passenger. 


404-405. Signal and interlocker operation; 
crossing protection. 


Operating sleeping-cars. 


Apportion common expenses on the basis 
of transportation service train hours, includ- 
ing train switching hours. 


406. 


Apportion common expenses on the basis 
of train hours of the particular operating 
division on which the bridge is located. 


407. 


’ Apportion common expenses on the basis 
of charges to accounts 201, 301, 351, 371 
and 372 taken together. 


Note. — As accounts 451 and 452 are 
apportioned on the basis of proportions 
established for accounts 20! to 446, inclu- 
sive, they are not included here as bases for 
apporticning this account. 


408. 


Apportion common expenses according 
to the use made of the floating equipment. 


Drawbridge operation. 


Telegraph and telephone operation. 


Operating floating equipment. 


409. Express service. 
Assign to passenger. 
410. Stationery and printing. 


Apportion common expenses according 
to percentages used to divide common 
expenses of account 371. 
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A 


Apportion common expenses according to 
percentage used to divide common expenses 
of account 371]. 


390-391 and 412-413. Operating joint yards, 
terminals, tracks and facilities. 

Joint facilities should as far as practicable 
be treated on appropriate bases according 
to the use made of the facilities by the debtor 
carrier, regardless of the use by other 
carriers. Creditor carrier should apportion 
the total of account 391 on the basis of 
accounts 377-389, inclusive, and total of 
account 413 on the basis of accounts 392 
to 402, inclusive. 


414-417. Insurance, 
damage to property. 

Assign directly, as far as practicable. 
Apportion unassigned remainder on _ the 
basis of the directly assigned expenses. 


alge 
Assign to freight. 


Other expenses. 


clearing wrecks, and 


Loss and damage-freight. 


419. Loss and damage-baggage. 
Assign to passenger. 
420. 


Observe tenor of directions for account 


45), 


Injuries to persons. 


V. — Transportation-water line. 
Assign directly as far as practicable. 
Apportion remainder on appropriate units 
according to local conditions. 


VI. — Miscellaneous operations. 


Observe tenor of directions under General 
Account V, Transportation-Water Line. 


VII. — General expenses. 


Assign directly, as far as practicable, and 
apportion remainder according to propor- 
tions of accounts 201 to 446. 


Vill. — Transportation 
for investment-Cr, 
The method of deciding upon the amount 


of this credit will determine the freight and 
the passenger proportion. 
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equipment rents, and joint 


facility rents. 


503 and 536. Hire of freight cars. 
Charge directly to freight service. 


504 and 537. Locomotive rents. 

Debtor carrier should assign direct. 
Creditor carrier should assign according to 
type of locomotive rented. 


505 and 538. Rents of passenger-train cars. 
Assign direct. 


506 and 539. Rents of floating equipment 

Debtor carrier should assign direct. 
Creditor carrier should assign according to 
type of equipment rented. 


507 and 540. Rents of work equipment. 
Apportion in accordance with rules for 
treating account 326. 


508. Joint facility rent income. 
Allocate directly as far as practicable. 


Apportion common expenses on basis of 
accounts 279, 337, 391 and 413 combined. 


O02. 


Apportion income taxes in accordance 
with separation of net railway operating 
income before deducting Federal and State 
income taxes. If result for one service upon 
that basis is a deficit, assign income tax to 
the other service showing an income. 

Apportion other taxes on the basis of 
separation of total operating expenses. 


Taxes, 


Railway tax accruals. 


533. Uncollectible railway revenues. 
Assign direct. 
541. Joint facility rents-debit. 


Allocate directly as far as practicable. 
Assign common expenses on the basis of 
use. 


Charges and credits between services. 


Carriers in making apportionments under 
the preceding rules should not, until further 
notice, make any allowance for the credit 
that should be given to the freight service 
for work performed (such as _ carrying 
company fuel) for the passenger service and 
vice versa. 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


15th. SESSION (ROME, 1950). 


QUESTION III. 


New technical methods adopted for the design and con- 
struction of large marshalling yards. 


Lay-out and equipment : 


Side and importance of siding groups ; 
Lay-out of connections at entrance to groups ; 
Longitudinal and cross sections ; 

Braking installations (Retarders) ; 

Control of point (switch) operation ; 


Telecommunications ; 
Lighting ; 
Staff buildings, etc. 


REPORT 


( America (North and South), Burma, China, Egypt, Great Britain and North Ireland, Dominions, 
Protectorates and Colonies, India, Iran, Iraq, Malay States and Pakistan) . 


by J. I. Campsett, M. I. C. E., 


Civil Engineer, Eastern Region, British Railways, 


and J. W. Warxins, D. S$. O., M. C., M. Inst. T., 


Operating Superintendent, London Midland Region, British Railways. 


INTRODUCTION. 


The last occasion when the subject of 
« Marshalling Yards » came before Congress 
was at the XIth Session at Madrid in 1930 
under the heading of « Methods to be 
used in marshalling yards to control the 
speed of vehicles being shunted and to 
ensure that they travel on to the lines in 
the various groups of sidings » and it was 
dealt with in Section Three — « WORK- 
ING ». The summaries adopted at the 


is 


1930 Congress, though 1 sinly from the 
operating or working angle, form a useful 
background from which to approach the 
subject on this occasion. 


The present question is under Section 
One — « WAY and WORKS » and al- 
though it specifically mentions « New Tech- 
nical » methods, we are interpreting it as 
including any developments adopted since 
1930 in the layout and equipment of mar- 
shalling yards. 
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As is customary, a questionnaire on the 
present subject has been sent through the 
medium of the Secretariat to all the affili- 
ated Administrations, and we had the privi- 
lege of agreeing the questionnaire with the 
other Reporters on this subject with the 
object of facilitating the conclusions to be 
arrived at eventually at the Rome Session. 
A list of the Administrations in the coun- 
tries allocated to us is given in Appendix 
« A » with an indication as to those which 
were able to furnish replies or not, and 
those from whom no reply has been re- 
ceived. 

The only Administration which  sub- 
mitted replies to all the questions was 
British Railways through their several Re- 
gions. Interesting data was supplied from 
India but it is disappointing that from the 
United States of America where the most 
extensive developments have taken place, 
the only Administration from which any 
detailed replies were forthcoming was the 
Pennsylvania Railroad. 


In the circumstances, therefore, and as 
a report on this subject would be incom- 
plete without some further reference to the 
considerable number of American yards 
embodying modern features, we have been 
obliged to seek information from other 
sources, for example, the « Railway Age >, 
« Railway Signalling and Communica- 
tions », the A. R.E. A. « Manual for Rail- 
way Engineering » and the A.R.E. A. pro- 
ceedings. 

With regard to the form of questionnaire, 
we feel that there is a risk, which it would 
be well to try and avoid in future, of re- 
plies becoming limited to answering stereo- 
typed questions, whereas free and frank 
expression on such an interesting and wide- 
spread subject should be sought in addition 
to furnishing replies to specific points de- 
sired for comparative purposes. 

The Administrations were requested to 
name the large yards constructed or mod- 
ernised since 1930 and to include any on 
which work is at present being carried out. 
A list of these yards, with information as 
to the extent of traffic dealt with, is given 
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in Appendix « B ». They were also asked 
to furnish plans and profiles of these yards, 
but it will not be possible to reproduce 
drawings and gradient sections of all the 
yards included in Appendix « B », and 
therefore we have selected the following :— 


Fig. 1 HULL Inward, British Railways — 


(N. E. Region). 

Fig. 2) MOT TRAM: 
(E. Region). 

Fig. 3 TOTON Up, British Railways 
(L. M. Region). 

From the wording and the inclusion of 
the subject under Section I—« Way and 
Works », it would appear it was the inten- 
tion that the matter should be considered 
from the « technical » angle in the sense 
that this applies to « engineering » in all 
its branches, civil, mechanical, electrical, 
signalling and telecommunications. 

The subject cannot however be entirely 
divorced from the « operating » aspect, and 
although the organisation of a railway dif- 
fers in the various countries, and may vary 
between Administrations within one coun- 
try, the responsibility for working a yard 
on railways which have a high degree of 
traffic density, such as in Great Britain, 
usually devolves upon a separate officer. 

Under these conditions the Engineering 
Departments are the « providers » and the 
Operating Department the « user », and 
since the best results are likely to be achiev- 
ed where the « user » indicates the charac- 
ter of the installation desired, it follows 
that the Operating Department is closely 
interested in technical developments which 
expedite working and reduce operating 
costs. 

Elsewhere before Congress, under Sec- 
tion III, Question VII, is the subject of 
« Organising methods to be used in large 
marshalling yards and terminals to reduce 
to the minimum the cost per wagon 
shunted » and we do not propose to antici- 
pate the findings of the Reporters thereon. 

The features associated with efficient 
yard operation are so numerous and em- 
brace such items as avoiding delays to trains 
on adjacent running lines, movement of 
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train engines in and about yards, reducing 
double-handling of vehicles, performing the 
work at the lowest cost in man-power and 
shunting engine time, eliminating damage 
and accidents and speeding up traffic, that 
the Operating Department, through their 
experienced staff, should indicate their 
requirements to the Engineering Depart- 
ments. There should be the closest co- 
operation between the Operating and En- 
gineering Departments on technical matters 
in connection with layouts, braking, point 
operation, signalling, communications, light- 
ing, buildings, etc. 

Two words in the title of this subject 
come to mind namely « design » and 
« construction ». It needs little knowledge 
of the layouts of the older yards owned by 
the various Administrations to appreciate 
the divergence of opinion and practice in 
the past, the scope there is for modernisa- 
tion, and the need for further detailed 
study and co-operation between the pro- 
viders and the users of yards. 


Difference of opinion arises as to the 
relative merits of retarder, hump and grav- 
itation yards, and particularly in respect 
of the economic datum line at which it 
pays to < mechanise » a hump yard ie. to 
provide retarders. 

The scope for development depends 
largely on the conditions prevailing in the 
country concerned. Where economic and 
financial considerations are more favour- 
able, where new yards become a necessity, 
and where the layout is not restricted by 
site limitations, it is obvious that greater 
possibilities exist. Clearly in the case of 
the older-established railway systems, there 
is likely to be a greater need for modern- 
isation but the major re-construction of 
existing large yards may not easily be jus- 
tified financially unless there are appreci- 
able economies which will furnish a reason- 
able return on the outlay. 

In drawing up this report we are as far 
as practicable following the sectional sub- 
headings under the title of the main 
question, and the questionnaire was arrang- 
ed in the same order. 
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A. — Site and importance of siding 
groups. 


This section is concerned with the vari- 
ous siding groups which taken together 
make up the layout of the yard as a whole 
so as to provide the most expeditious ser- 
vice at the most economical cost. In con- 
sidering the planning of the yard as a 
whole, one is confronted with the problem 
of designing a number of separate units, 
each having its special functions, and so 
placed that all operations are progressive 
and, as far as practicable, unhindered by 
conflicting movements. Each of these units, 
whether it consists merely of equipment or 
a complete track layout, should be designed 
with a full knowledge of the peak and 
average demands which are likely to be 
made upon it, and located to conform with 
the complete scheme. 


It has been generally accepted for a long 
time that, in principle, large yards should 
comprise groups of sidings in sequence for : 


a) Reception of incoming trains. 


b) Sorting of vehicles into direction or 
destination order. 

c) Holding made-up trains preparatory 
to departure. 

Other groups are provided, not necessa- 
rily in sequence, where the character of the 
traffic and the requirements of the service 
necessitate it, for :— 


d) Subsidiary shunting. 

e) Temporarily holding excess accumula- 
tions of vehicles. 

f) Repairing defective vehicles. 

g) Facilitating connectional and through 
services, etc. 


The provision of all these facilities de- 
pends upon space being available, and 
where not available but could be made so 
at a cost, the financial aspect has to be 
taken into consideration. ‘This is particu- 
larly the case in Great Britain, where most 
vards are, or were at the time of their 
original construction, in the appropriate 
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situation, and where the enlargement of 
these yards or the construction of new 
yards is so often precluded because of the 
density of the populated areas and the 
proximity of physical obstacles. 

Each marshalling yard constitutes an in- 
dividual economic operating and engineer- 
ing problem, and therefore completely 
standardised types of layout and equipment 
cannot be applied to a particular site. 


Double direction yards. 


Information was sought through the 
questionnaire as to instances where oppos- 
ing flows of traffic are sorted in one yard. 
No instances are reported where separate 
yards have been combined in the interest 
of economical working. 

Of yards reported as having been con- 
structed or modernised since 1930, Naihati 
(East Indian Railway) is the only one 
quoted as a double direction yard. From 
the brief description given it would appear 
that the yard is laid out as separate « up » 
and « down » yards for hump shunting 
but one of those humps, being equipped 
with retarders and electrically operated 
switches, is used to sort both up and down 
traffic. 

At North Platte on the Union Pacific 
Railroad, a large double direction yard was 
completed in 1948. The eastbound and 
westbound tracks pass round the perimeter 
of the site and two receiving. and two de- 
parture groups are placed side by side at 
the west and east ends of the site respect- 
ively, with one retarder sorting group in 
the centre of the layout. Fig. 4 indicates 
diagramatically the plan of this yard. 

The advantages of a double direction 
yard depend upon the total quantity and 
fluctuation of the traffic, and in designing 
the layout particular attention should be 
paid to the avoidance of interference with 
shunting operations. A maximum number 
of vehicles for such a yard cannot be pres- 
cribed since it must obviously depend upon 
the general layout, the nature of the traffic, 
and upon whether the yard is mechanised, 
hump or flat. 
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There exist however numerous instances 
of yards laid out for a normal uni-direc- 
tional flow, but which have to provide for 
a minor proportion of traffic whose flow 
is in the opposite direction. All such in- 
stances are usually the outcome of main 
or branch line configuration and_ the 
situation of junctions in relation to the 
particular yard. 


Marshalling groups. 


Where a separate group of sidings is 
necessary for marshalling vehicles in a par- 
ticular order before a train is despatched, 
it is generally provided in parallel with the 
main sorting group, e.g. as at Hull (In- 
ward) yard, see Fig. 1. 

One or more such groups may be pro- 
vided, and the number of individual sidings 
necessary can only be determined by an 
analysis of the character of the traffic, the 
number of places to be served, and the in- 
cidence of arriving and departing trains — 
this latter feature often being the govern- 
ing consideration on account of main line 
paths and occupation. 


Departure group. 


Where the circumstances justify it a se- 
parate group of sidings for holding trains 
preparatory to departure is provided where 
practicable, and should be sited in sequence 
beyond the sorting group. 

It is reasonable to assume that the main 
lines in the vicinity of a large yard are 
fairly heavily occupied, and since the 
timing of main line trains cannot generally 
be subordinated to yard operations, occa- 
sions arise when sufficient traffic accumula- 
tes for a particular outwards train, some 
time before it can be despatched. In such 
circumstances the shunting of further traf- 
fic which arrives at the yard would be likely 
to be delayed, thereby impeding yard oper- 
ations as a whole. 

No hard and fast rule can be laid down as 
to the amount of accommodation for trains 
which have to call at a yard for purposes 
other than shunting. Such stops may be 
necessary for changing locomotives, reliev- 
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ing enginemen and/ or guards, steam 
engine taking water, routine examination 
of vehicles or awaiting a forward path over 
the main line. Clearly such operations 
should not be carried out with the train 
occupying a main running line, or on ar- 
_ rival lines or sidings used for trains which 
have to be broken up as part of the normal 
yard operations. 

The amount of accommodation for such 
trains must be determined in each instance 
on merits. Normally it would be sited 
between the main line and the yard but 
-other factors such as cross-over facilities, 
location of motive power depot, etc., must 
be taken into account. 


Transfer of through vehicles. 


Where there is a considerable amount of 
traffic to be detached at a yard for attach- 
ing to other outgoing trains, and which 
does not require to be shunted in the or- 
dinary sense, a separate group is provided, 
as, if operations of this character were ex- 
tensive, it would be to the detriment of 
operations if carried out within the yard. 


Locomotive and brakevan movements. 


For the release of train engines, attaching 
engines to outgoing trains, and detaching, 
servicing and attaching brakevans, sequen- 
tial movement is aimed at so as not to 
impede yard operations. 


In the case of the engines to be liberated 
from incoming trains, the usual arrange- 
ment is a separate lead immediately beyond 
the point where the arrival lines converge— 
the lead giving shortest possible access to 
the Motive Power Depot. <A lead for this 
purpose before the hump is reached, in- 
creases the distance (and consequently the 
time occupied in humping operations) be- 
tween the leading wagon on a train to 
be shunted and the hump. ‘Therefore in 
some instances the engine release line is 
connected to the humping line immediately 
beyond the apex. In this connection it 
should be remembered that in humping a 
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train the speed of propulsion towards the 
hump is necessarily very low. 

With regard to engines arriving to work 
outgoing trains, a separate running connec- 
tion off the main line should, if possible, 
be provided and the « engine arrival » line 
should be such that it can, if necessary, 
accommodate one or more engines which 
have arrived whilst another train is depart- 
inz. 

A spur line is usually provided in the 
vicinity of the hump to accommodate 
brakevans while attention is given to clean- 
ing, lamps, etc. Where trains are despatch- 
ed direct from a sorting siding it is a con- 
venience to be able to shunt a brakevan 
from such a position on to the rear of the 
train. Since all trains cannot depart from 
the sorting group direct, and in some in- 
stances have to stand on an _ outgoing 
running line or in the departure group, a 
trailing spur line suitably connected at the 
outgoing end of the sorting group may be 
provided. A useful arrangement is to have 
this brakevan spur on a steep falling gra- 
dient, fed with brakevans off incoming 
trains, and one of which can be gravitated 
under hand control to the back of a train 
ready to depart. 


Length of Sidings. 


The length of reception lines is governed 
by the maximum permissible train loading 
on the running lines. This is avsociated 
with the class of locomotive employed, the 
gradients on the route, the capacity of 
loops, and other limiting operating features. 
To this capacity expressed in terms of over- 
all length of vehicles must of course be 
added the length of the longest engine or 
engines and the brakevan. Some margin 
over and above the effective capacity should 
be allowed and an addition of 7 per cent 
has been suggested by the Indian Railways. 

In respect of sorting groups, information 
varies, some Administrations consider 50 per 
cent more than the longest departing train, 
others 25 per cent. Obviously capacity 
over and above the length of the longest 
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train should always be provided where 
practicable. Therefore, a compromise is 
required in the light of the character of 
the traffic and bearing in mind that vehi- 
cles will not always come to a stand close 
together. 

Appendix « C » gives for yards mention- 
ed in Appendix « B » the number and 
capacity of the sidings. 


Number of Sidings. 


Factors to be considered in determining 
the number of sidings in the respective 
groups are as under :— 


a) Reception group. 


After taking into account the rate of 
shunting, for example the number of trains 
which can be shunted in a given period, 
according to the type of shunting and the 
number of shunting engines employed, the 
number of arrival lines should be sufficient 
to receive trains off the main line during 
the period of the day when the density of 
arriving trains is the greatest. It is im- 
portant that at no time should running 
lines be blocked with trains waiting to 
enter marshalling yards. 


b) Sorting group. 


The number of sorting sidings should 
be sufficient to permit of at least one 
siding being allocated to each specific 
direction or destination, consistent with the 
volume of traffic offering. 


A most important principle to have in 
mind is to enable trains to be made up 
complete to the most distant yard or depot 
possible in order to eliminate further 
shunting at intermediate points, and to 
speed up the movement of traffic and 
vehicle turn-round, and to economise in 
engine user. 

The distance from the hump to the 
clearance points in the sidings increases 
with the number of sorting sidings and it 
is desirable to keep this distance down to 
the lowest possible limit consistent with 
easy curvature. 
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With the balloon type of layout the ideal 
is to conform to the following series, 2, 4, 
8, 16 and 32 sidings. It appears, however, 
the latter figure is insufficient for the 
largest yards ‘and 64 would be excessively 
large. For practical requirements therefore, 
and to keep the layout of the yard within 
reasonable proportions, a total figure of 
40 sidings in 4 fans of 10 sidings each is 
probably the limit which can be worked 
satisfactorily. 

c) Departure group. 

Since this performs the reverse function 
to the reception lines, similar considerations 
should apply. There should be sufficient 
lines to accommodate the number of trains 
necessary to keep the sorting sidings fluid, 
and at the same time to hold sufficient 
trains during peak periods of main line 
occupation. 


d) Marshalling group. 


This must be determined by local con- 
ditions and requirements. 


B. — Layout of connections at entrance 
to groups. 


Entrance to reception lines. 


A type of facility provided at Hull 
(Inward) and at Toton (Up) yards is 
illustrated by the first of two diagrammatic 
sketches (Fig. 5). “Ihe ‘second. sketch in- 
dicates an alternative layout where space 
does not permit of the dual facility shewn 
in the first sketch. 


When an engine is sent from the hump 
to proceed behind another train prepar- 
atory to humping, it is despatched via the 
« run-round » line into a dead-end spur. 
From this point it can be directed behind 
the next train to be humped on whichever 
arrival line it may be standing. The 
signalling arrangements between the hump 
and the signal box at the entrance to the 
yard are thereby simplified. In the first 
illustration, if a train is entering any of 
the reception lines 1 to 5, the humping 
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engine can be placed at the same time 
behind a train on any of the arrival lines 
6 to ll, and vice versa. 


The use of the run-round line shewn in 
both illustrations is confined to the hump 
engine running light to the entrance end 
of the reception lines, and for drawing 
any vehicles out of the sorting group for 
re-shunting, and these two operations are 
not normally permitted on any of the re- 
ception lines. 


ENTRANCE TO 
ARRIVAL 
LINES 
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be designed so that trains can follow one 
another over the hump quickly. It is, 
therefore, necessary that the tracks should 
converge to the humping line in the short- 
est possible space. ‘he arrangement of the 
leads to achieve this will be governed by 
the number and distance apart of the re- 
ception lines. 


Where the classification of the sorting 
sidings is such that vehicles from any train 
are required to be shunted into any of the 
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HUMP ENGINE RUN-ROUND FACILITY 


Thus the reception lines are used exclu- 
sively for the purpose for which they are 
intended. Delays to incoming trains are 
avoided during a run-round operation and 
humping can be carried on with less 
interruption than occurs when a hump 
engine has to run back along the line from 
which it may have just shunted a train. 


Outlet from reception lines. 


The general layout of tracks leading to 
the hump from the reception group should 


sidings, there is little or no evidence in 
support of providing more than one hump 
line. With two lines over the hump, a 
scissors cross-over must of necessity be 
incorporated at some point thus increasing 
the over-all length of the hump line. 


No Administration has reported that two 
lines are laid over the hump in order to 
permit maximum continuity of shunting 
operations. On the contrary, some ex- 
pressed the opinion that this is not possible 
unless the yard is worked in two sections 
in order to avoid conflicting movements. 
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Hump by-pass. 


Hump by-pass facilities exist at some 
yards for :— 

Liberating train engines, 

Despatch of trains in the direction of the 
hump from the sorting sidings, 

Receiving trains on to the main reception 
lines which do not enter at the normal 
inlet. 


Facilities for despatching outgoing trains 
via entrance to sorting group. 


In general it is undesirable to attempt to 
provide for despatching outgoing trains via 
the entrance to the main sorting group. 
It may be that in certain circumstances it 
is necessary to despatch a train in this 
manner but any movement which is in a 
contrary direction to the normal flow of 
traffic will retard operations generally, 
apart from gradient and layout considera- 
tions. 

‘Therefore, for any double-ended yard 
« wrong direction » trains should be drawn 
out via the outgoing end. Obviously, in 
the case of single-ended yards outgoing 
trains must depart via the entrance end. 

The only example reported of an avoid- 
ing line being provided for the purpose of 
despatching trains in the direction of the 
hump direct from the sorting sidings occurs 
at Whitemoor (Down) yard. This is only 
from one of the outer fans and it is in- 
cidental that this line passes in the vicinity 
of the hump, on account of the position 
of its outlet to the main lines. 


Seasonal humps. 


No Administration reported that separate 
Winter and Summer humps were necessary. 
The provision of a double hump would be 
open to the same objections as mentioned 
in the paragraph respecting two tracks over 
the hump. ‘There are in Great Britain 
non-retarder yards where the apex of a 
hump is raised slightly at the commence- 
ment of Winter, since vehicles run more 
freely in warm weather than in cold. This 
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feature is particularly pronounced where 
vehicles still have grease axle box lubrica- 
tion, as in Great Britain, where the pre- 
ponderence of the former privately owned 
wagons are still grease lubricated. 


In the U. S. A. during cold weather, it 
is the normal practice to inject hot oil 
into the boxes immediately before vehicles 
approach the hump. Oil under pressure 
is applied at a minimum temperature of 
180° F. 


Distance between tracks. 


The principal factors governing the dis- 
tance between tracks in the sorting group 
are :— 


a) Incorporation of existing tracks when 
embodied in a new scheme. 


b) Maximum and normal widths of ve- 
hicles working into the yard. 


c) Safety and duties of staff. 


d) Required capacity of yard and area 
of site available in relation to requirements 
elsewhere in the marshalling yard. 


e) Space for lighting~poles, etc. 


f) Space for standards in the case of 
overhead electrification. 


Appendix « C » indicates that the normal 
distance between centres of adjacent tracks 
in the sorting group varies from 11’ 2” to 
13’ 2” for British Railways. At Enola yard, 
Uns, A.the distance as 12"67 


At Toton (Down) yard and at Enola, 
existing tracks have been incorporated in 
the new layout, but most of the other 
British yards were constructed on clear 
Sites. im the UE isi As, the AN Res Heese 
recommendations give a normal spacing of 
13'0" but several recent yards have been 
constructed with 14’0” between track cen- 
tres. 

In respect of item b), table I gives in- 
formation concerning the widths of goods 
vehicles used by the various Administra- 
tions, and sets out the space between them, 
assuming minimum distance between track 
centres. 
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TABLE l. 
Average Minimum Space 
Gauge length Width of vehicle distance between 
ADMINIS- of of ’ between normal 
TRATION track vehicle Normal Maximum track vehicles 
permitted centres 
lehes  Ibak, Ft. Ft. In. Ft. In. BG In. Ft. 


British 
Indian 


US wAe 


With regard to items c) and d), it will 
be appreciated that the minimum spacing 
of sorting sidings will give the most com- 
pact layout of switches leading from the 
hump and that vehicles will then reach the 
clearance points in the shortest time and 
at correct speed. An additional advantage 
of closer spacing is, of course, that the total 
capacity and lengths of individual tracks 
can be increased. 


Appendix « C » indicates the provision 
made for lighting poles, etc. Where wider 
spacing is adopted this occurs at intervals 
of 4 to 8 tracks and Hull (Inward) yard 
is typical in this respect. In the U.S. A. 
where floodlighting is in general use, it is 
possible to adopt uniform spacing for all 
tracks. 

For reception and departure groups, there 
are no replies indicating that the Adminis- 
trations adopt different spacing. There 
would seem to be no reason why different- 
iation should be made between these groups 
and the sorting group, unless exceptional 
facilities are provided, as for example at 
Toton (Up) yard, where additional space 
has been allowed between alternate recep- 
tion lines to accommodate humping signals. 

For vehicle repair sidings, engine pit 
lines, etc., wide spacing is provided. ‘The 
A. R. E. A. recommend that vehicle repair 
tracks should be spaced at 18 ft. and 24 ft. 
centres alternately and that paving be pro- 
vided between the tracks. 


12 


10—O 
(approx.) 


Permanent way. 


The crossing work in marshalling yards 
is not usually of special design, and in 
Great Britain and the U. S. A. simple turn- 
outs with No. 7 % or 8 acute crossings 
are generally used. In India, the crossing 
standardised for the 5'6” gauge is No. 8 4. 
At Toton (Down) retarder yard, however, 
three-throw turn-outs were adopted for the 
« jack > points (tertiary leads) on account 
of site limitations. In the U. S. A., tandem 
(lapped) leads are laid in on many sites 
in order to reduce the distance from the 
apex of the hump to the clearance points 
in the sorting group. 


The installation of three-throw and of 
tandem leads reduces the distance between 
the apex and clearance points by approxi- 
mately 90 ft. and 60 ft. respectively. For 
example at Willard yard, Baltimore 
and Ohio Railroad, where lapped leads 
are provided, the maximum distance be- 
tween these points is 830 ft. for 32 sorting 
sidings at 13 ft. centres (see Fig. 6). ‘This 
dimension. includes 115 ft. for an additional 
retarder before the « king » switches, which 
would not be required under British con- 
ditions. At Hull (Inward) yard, with 
30 sorting sidings at 11’8” average centres, 
the same dimension is 810 ft., the conditions 
of curvature being similar. 


In Great Britain, new 95 lb. B. H. rail 
and) 109) lbs om lis hibw Ey Be rail is) laid 
in the heavily used crossing work, and in 
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plain line at the head of the sorting group, 
also at connections to running lines, on 
the hump, etc. In the yard generally, 
plain line and crossing work is laid with 
serviceable rail of weight, length, and 
quality appropriate to the importance of 
the track in which it is to be laid and 
is selected from the stocks available; the 
weight is generally not less than 75-80 Ib. 
per yard. 
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new 131 Ib. rail is used for the heavily 
worked crossings and plain line, and 
new 115 Ib. rail is in some cases used 
for the more lightly worked leads beyond 
the retarders. Elsewhere in the yard, ser- 
viceable rail of approximately 85 Ib. to 
100 lb. per yard is used. ‘The ballast is 
normally ash or gravel. 

In order to reduce track resistance in the 
switching area the length of check rail in 
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FIG. 6 


In all point and crossing work timber 
sleepers are provided. In plain line where 
there is no need for track circuiting, con- 
crete sleepers (approximately 10” x 61/2” 
x 8’ 3”) may be substituted for new timber 
sleepers. In the sorting group and in 
lightly used tracks, concrete sleeper blocks 
are used with full length sleepers at 7’ 6” 
intervals, the latter being required to keep 
the track to gauge. 

The ballast in marshalling yards usually 
consists of engine ashes 12” deep below 
the undersides of the sleepers; in track cir- 
cuited areas, however, small stone or slag 
ballast retained by precast concrete kerbs 
is used to provide better drainage. 

In the marshalling yards of the U. S. A. 


200 400 


600 


800) 
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crossing work should be as short as possible. 

Rail lubricators of standard proprietary 
types are widely used in the U. S. A., but 
are only occasionnally fitted in Great 
Britain. In India they have not been used. 
It would seem from published American 
experience that the life of switch blades 
and of rails on curves is considerably in- 
creased by their use, and that improved 
running of vehicles is obtained. Where, 
however, engine sand becomes mixed with 
the grease, an abrasive mixture is produced 
which may increase wear. 

Tests carried out on British Railways 
(L. M. Region) revealed that the benefits 
of rail lubrication for the purpose of im- 
proving running of vehicles from a hump 
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round the sharper curves in a sorting group 
were negatived to a considerable degree in 
cases where engines had to return over the 
rising gradient with heavy loads. 


Earthworks and Drainage. 


The introduction of new types of excava- 
tion and earth moving equipment has 
greatly facilitated the construction of mar- 
shalling yards. The use of heavy plant on 
the earthworks has the advantage of con- 
solidating the site, and for this purpose 
the routing of the earth moving equipment 
should receive careful consideration. Sheeps 
foot rollers are used when consolidation by 
normal means is not sufficient. 

The unloading of ballast and tracklaying 
are also operations which can, on many 
sites, be fitted into the programme of 
mechanised work. Track materials can be 
transported in prefabricated sections, and 
ballast unloaded from drop-side vehicles by 
« pusher » type unloading machines. 

To prevent settlement of the hump at 
Toton (Down) yard, the track is supported 
on precast concrete units embedded in the 
ballast 12” below sleeper bottom. 


In British yards, settlement of the re- 
tarders themselves is not a problem as they 
are supported on a concrete foundation. 
In the U. S. A., the types of retarder used 
are not usually provided with a foundation 
other than an adequate depth of stone 
ballast, but in some cases selected filling 
material, such as rock, is provided under 
the retarders and carried down with ade- 
quate drainage to a firm bed below the 
original ground level. 

At Argentine yard (Santa Fe Railroad) 
the hump, having been unavoidably con- 
structed with poor materials, was subse- 
quently protected against percolation of 
surface water by a limestone-sand-asphalte 
mixture varying in thickness from 4” under 
the sleepers to 2” between the tracks. 

In the body of the yard, British practice 
is to provide pipe rubble-filled drains 
between the tracks, the formation being 
graded to fall to the drains. Salt glazed 
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earthenware pipes of 9” minimum diameter 
are laid with open joints on a concrete bed, 
and are usually protected against choking 
or fracture by a layer of fine gravel over 
the pipe. Inspection pits are generally 
spaced at approximately every 100 ft. to 
facilitate maintenance. At the Whitemoor 
yards longitudinal drains are provided be- 
tween every 6th track and at Toton (Up) 
yard between the fans with cross drains as 
necessary. 

In the U.S. A., perforated and corrugated 
types of steel pipe are widely used for sur- 
face water drains in marshalling yards. 
French drains have been adopted in some 
yards. 

Most Administrations emphasise the im- 
portance of having a good depth of porous 
ballast over the whole yard, especially in 
the area at the head of the sorting group 
where there may be track circuits, and upon 
the hump. a y 


C. — Longitudinal and cross-sections. 
Continuous falling gradients. 


The instances where large yards are 
operated entirely on the gravitational prin- 
ciple are comparatively few, because they 
depend to a large extent upon the levels 
at the entrance and outgoing ends respec- 
tively approximating to what is required 
to give suitable falling gradient sections 
throughout the yard. Such yards usually 
occur where the site conforms to these 
requirements or can readily be made to 
do so. An older well known example is 
Edge Hill (B. R., L. M. Region) with more 
renoyelsam Gres air (Crain (1b, IR, Ie; IM. 
Region) and Mottram (B. R., E. Region). 

No special arrangements for braking are 
reported and under British conditions the 
trains are held on the falling gradient of 
the reception lines by applying the hand- 
brakes (with which all vehicles are fitted) 
on a few of the vehicles at the lower end. 
The « cuts » are released by lifting the 
handbrakes thereon and applying the 
brakes to a few of the succeeding vehicles 
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which are then uncoupled into « cuts » 
as necessary. This process of applying and 
releasing handbrakes alternately on the 
successive « cuts » is pursued until the 
whole of the train has been shunted. 

Advantages claimed for a completely 
gravitational system are :— 


a) engines are not required for pro- 
pelling vehicles over a hump, 

b) less necessity for the employment of 
engine power to close vehicles together in 
the sorting sidings. 


Against this 
vantages :— 


are the following disad- 
c) extra care has to be taken to ensure 


that vehicles do not get out of control and 
over-run at the outgoing end, 


d) the shunting capacity is less than in 
the case of a hump yard, since a high rate 
of motion of vehicles cannot be undertaken, 


é) as every cut has to be hand braked 
at some stage there is a risk of savings in 
engine power being negatived by the ne- 
cessity for additional shunting staff acting 
as brakesmen if the number of wagons is 
considerable and the gradient in any way 
excessive. 


Apart from Mottram, plan and gradient 
section of which is given in Fig. 2, with 
traffic and other details in appendices « B > 
and « C », no completely gravitational 
yard is reported as having been constructed 
in the last 20 years. 

When a new yard is required, it is desir- 
able to consider the possibilities of employ- 
ing wholly gravitational methods but a 
decision will depend upon the suitability 
or otherwise of the levels at the extremities 
of the yard and whether the amount of 
traffic is likely to be capable of being 
handled by a reasonably economical num- 
ber of staff. 


Hump yards, general longitudinal profile. 


The choice of a suitable site for a hump 
yard is not so restricted as in the case of 
a gravity yard, but it is essential, if undesir- 
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able gradients are to be avoided on the 
reception and departure lines, that the dif- 
ference in levels between the inlet and out- 
let should be within a certain limit which 
will depend upon the total length of the 
marshalling yard and the limiting gradients 
within the groups. 

In a hump retarder yard, the difference 
in level between the apex of the hump 
and the lowest level of the sorting group 
is normally 12 to 18 ft. and easy gradients 
are required on the reception and departure 
tracks. ; 

In practice, however, it is not possible to 
make these levels a governing factor in the 
siting of a hump yard, and in order to 
gain the elevation necessary for providing 
a hump, gradients may be necessary on the 
reception and departure tracks. 


For Toton (Up) yard, the plan and 
profile of which is given in Fig. 3, the 
differences in level between the inlet and 
the two outlets are approximately 12 ft. 
and 6 ft. respectively, and the difference 
between the hump apex and the lowest 
level of the sorting sidings is approximately 
IEG: 

For Hull (Inward) yard, Fig. 1, the dif- 
ference in level between inlet and outlet 
is approximately 3 ft. and the difference 
in level between the hump apex and the 
sorting sidings is approximately 18 ft. 

It has been possible for the reception 
lines at Toton (Up) yard to be constructed 
on the level, whereas at Hull an average 
rising gradient of 1 in 270 (.37 %) is 
necessary. 

For reception lines, the gradients in 
British yards are governed by the following 
considerations :— 


a) ‘Trains arriving (with bearings warm 
and therefore free running) should be able 
to stand whilst waiting to be humped with 
no more than the van brakes applied. The 
application of vehicle brakes entails extra 
labour and delay. 


b) In order that humping speeds can be 
controlled and cuts readily uncoupled, the 
vehicle buffers must be kept in contact. 
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Thic is normally provided for by means 
of a short steep rise approaching the hump. 

For departure lines, where provided, the 
gradient generally depends upon site con- 
ditions, but if possible a slight fall in 
gradient towards the outlet is desirable in 
order to facilitate the starting of outgoing 
trains. 

The gradients of reception and departure 
lines rnay require local variation, especially 
if existing works are incorporated in the 
scheme, or where structures, such as bridges, 
-affect the general profile. 

In the sorting sidings the gradients be- 
tween the clearance points at either end 
should be non-accelerating for good run- 
ning vehicles under favourable conditions. 
In Britain a figure of 1 in 200 C5057) 
has been incorporated in the profile of the 
most recent retarder yards, but in the 
U. S. A. where vehicles are heavier and 
easier running a gradient of 1 in 500 
(.20 %) is generally used. In both coun- 
tries the gradient is reversed or levelled 
out towards the end of each sorting siding. 

At Hull (Inward) yard, a rising gradient 
of 1 in 300 (.33 %) for 300 ft. at the outlet 
end is provided and at Toton (Up) yard 
there is a considerable length of level track. 

For groups required for « marshalling » 
or other purposes, examples of which are 
indicated on the plans of Toton (Up) and 
Hull (Inward) yards, the sidings are level. 
Marshalling is carried out in some instances 
at the departure ends of sorting sidings. 
The ideal arrangement where it could be 
justified by the amount of traffic would, 
however, be to provide a subsidiary hump. 


The A. R. E. A. manual states that mar- 
shalling can be economically carried out 
by flat shunting on the departure lines 
(no doubt at the same time as the very 
long trains operated in the U. S. A. are 
« doubled up »). It recommends, however, 
that sufficient sorting sidings should be 
provided in order to reduce the amount 
of marshalling, and as automatic couplers 
are used, this policy would result in a con- 
siderable saving of time, and less occupa- 
tion of the yard outlet. 
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When considering the general longitud- 
inal profile of a marshalling yard scheme, 
a very important factor governing the 
choice of site is the desirability of equal- 
ising the excavation and filling volumes. 
The cost is heavy, and delay is incurred 
with the progress of construction work, if 
the filling from borrow pits, etc., or sur- 
plus spoil, is hauled for distances beyond 
the economic range of the earth moving 
equipment. 


Hump apex to clearance points. 


Appendix « C » sets out the main part- 
iculars which have been submitted by the 
Administrations for the longitudinal profile 
of humps and Fig. 7 gives further inform- 
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ation as regards the varying gradients which 
constitute the hump profiles at British 
retarder yards. ‘The design of the hump 
profile depends in the first instance upon 
the number of sorting sidings and upon 
their spacing and radius of curvature. 
Appendix « C » therefore includes these 
particulars for the various yards so that 
the compactness of each layout, as expressed 
by the distance from the hump apex to the 
clearance point, can be assessed. 

It would seem that the recent tendency 
in British retarder yards is to design the 
layout at the head of the sorting group 
with curves and crossings normally used 
in sidings and with rather less emphasis 
on the provision of a compact switching 
area. 

At Enola Syard "U.S, SAS Fie#.3, site 
limitations have apparently prevented a 
symmetrical layout being used at the head 
of the sorting group, and there is a large 
difference between the longest and shortest 
distances from apex to clearance point. 
Unfortunately, published American descrip- 
tions of other yards actually constructed do 
not directly mention these distances and 
it is, therefore, not possible to give the 
average gradient from apex to the most 
distant clearance point on the lines of 
Appendix « C ». 

Table III gives particulars of hump 
profiles for two modern American yards — 
Willard (Baltimore & Ohio R. R.) see 
note (*) below, and N. Platte (Union 
Pacific R. R.) note (*) below, and where 
distances have had to be scaled from 
diagrams, these have been so indicated. It 
also includes figures for a « typical » yard 
for which calculations and graphical meth- 
ods of design are given in the Proceedings 
of the A. R. E. A. (Volume 33: 1932 and 
Volume 34: 1933). This is a theoretical 
layout approaching the ideal design, and 
uses lapped switches to a greater extent 
than usual. 


(1) Railway Age, 23-10-1948; Railway Sign- 
alling and Communications, Nov. 1948, 

(*) Railway Age, 30-10-1948; Railway Sign- 
alling and Communications, Mar. 1949. 
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It will be noted from Table III that 
Enola and N. Platte yards do not use 
lapped switches as recommended in the 
A. R. E. A. Manual. The more compact 
layout of Willard yard follows the recom- 
mended practice. Willard yard is also of 
interest in that it is one of the first in the 
U. S. A. to be equipped with only two 
retarders in series. 


Average gradient between apex of hump 
and farthest clearance point. 


The problem of designing the hump 
profile has, since the subject was dealt with 
by Dr. Gottschalk (Report No. 4, Bulletin, 
January, 1930) been approached differently 
by the British and American Administra- 
tions, mainly because the comparatively 
large retarder capacity necessary for Amer- 
ican conditions requires additional invest- 
igation to ensure its. proper distribution 
along the profile. 

In both countries, the calculation of the 
total fall from apex of hump to clearance 
point and retarder capacity required is 
carried out by the usual methods of applied 
mathematics. This calculation is neces- 
sarily preceded by an assessment of the 
running characteristics of vehicles and of 
track resistance, combined with experience 
of existing yards supplemented in some 
instances by tests with actual vehicles. A 
solution to the additional American prob- 
lem of distributing retarder capacity cannot 
be conveniently obtained by calculation 
only, and during the years 1932-1934 the 
A. R. E. A. published in their Proceedings 
details of graphical methods for the de- 
velopment of a hump profile of pre-deter- 
mined drop and retarder capacity. 


So far as British conditions are concerned 
the subject was dealt with at some length 
by Mr. J. C. Kubale in his paper on 
« Gravitation Yards » to the (British) 
Institution of Signal Engineers (Proceed- 
ings 1938). 

The basic principles of hump design are 
of course common to all countries, and 
recommendations have been published in 
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TABLE Ill. 
Hump profiles in U.S. A. yards. 


Enola : North 
westbound Willard Platte IN VRIES AN 


Theoretical design 


, Balti : : 
ADMINISTRATION Pennsylvania a / ane Union Pacific 


Sorting tracks : 
Number . PSs a oyer. 
liackwcemtress (t= 1m) 


Distance, hump to clearance 
(G5): een. pats os atts. 

PEORSCS tamer ae we ete ess 830 (1) 1 350 (1) 1 100 (2) 

SOLES iE ey ak ars heree: B= a ee 715 (1) 1 000 (4) 920 


Average gradient hump to farth- 

est clearance : 
PCIE COUE wir. et kt ook s  cteet 5, cli. : 1.44 (2) 
RRL en ys eaten Mabe 70 


Distance, hump to king swit- 
Gnas WES) oo 6 © 0 6 oe 250 (1) 250 (1) 


Retarders 
INURE i REMES 5 6 5 5g 2 3 3 3 
Aggregate length of series . 

(CHRAG ES TEED yon eee 6) we ete ne 269 225 (2) 250 (approx.) 


INGA GS @ ia. Shae apie oa eae Standard Lapped Standard Lapped leads used 
leads used leads used leads used for 
for « jack » «king», «queen» 
switches and «jack » 
switches 


(1) These distances have been scaled from published diagrams. 


(?) The distance between apex and the farthest clearance point adopted for the specimen ‘calcul- 
ation published in the A.R.E.A. proceedings was 1 194 feet, which is the distance measured along 
the track between the apex and a line drawn across the yard, beyond which the tracks are 
straight and parallel. 
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the various editions of the A. R. E. A. 
Manual of Railway Engineering. ‘These 
do not lay down new principles for the 
design and construction of marshalling 
yards, but they have been kept up to date 
and American methods of design and 
calculation conform with them both in 
principle and in detailed arrangement. 
The following extract is reproduced from 
pages 14-22, paragraph 325, headed « Hump 
Yards with Retarders— Design of Grad- 
ients > :— 


« Hump yards with retarders — Design of 
gradients. 


a) Two basic operating conditions should 
be considered in designing the gradients 
of a classification yard :— 


1. The heavy easy-rolling car moving 
under the most favorable running 
conditions (hot weather, following 
wind. etc.). 


Ne) 


The light hard-rolling car moving 
under the least favorable running 
conditions (cold weather, adverse 
winds, etc.). 


b) Sufficient difference in elevation, or 
drop, must be provided from the summit 
of the hump to the clearance point of any 
classification track to ensure that the hard- 
rolling car under adverse conditions will 
roll at least into clear on its classification 
track; however, it is fundamental that cars 
shall not accelerate unduly after leaving 
the Jast retarder, if damaging impacts are 
to be avoided. Hence the gradients that 
should be provided below the last retarder 
must be such as will result in little, if any, 
acceleration of the easy-rolling car under 
favorable conditions. ‘Thus, the drop from 
the summit of the hump to the end of the 
last retarder should be « A » minus <« B », 
where :— 


A is the drop required between the 
summit of the hump and clearance 
point, based on the hard-rolling car 
under adverse conditions, and 
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B is the drop required from the end 
of the last retarder to clearance point, 
based on the easy-rolling car under 
favorable conditions. 


This drop between the summit of the 


hump and the last retarder, should be so — 


apportioned that :— 


1. The hump gradients will quickly 
separate the cars or cuts to provide 
the spacing necessary for the free 
throwing of switches. 


2. The gradients through the last re- 
tarder are sufficient to start an aver- 
age rolling car which has _ been 
stopped in the last retarder. » 


In order to apply clauses a) and b), and 
to arrive at the average gradient of the 
hump between the apex and most distant 
clearance point, it is necessary to fix values 
of resistance for the good running and bad- 
running vehicles which use the hump. In 
Great Britain, standard values for resistance 
have not become established and each yard 
is considered individually taking into 
account :— 


a) Resistance due to curvature, switches 
and crossings. 

b) Average weight of vehicles. 

c) Average number of vehicles in cut. 


d) ‘Type of bearing i.e. grease or oil axle 
box lubrication. 


e) ‘Time vehicles stand before humping. 
f) Variations in temperature. 
g) Wind resistance. 


‘The average resistance for a bad running 
vehicle assessed as above, and expressed as 
a percentage of the weight of the vehicle, 
is equivalent to the required average 
gradient between the apex and the farthest 
clearance point. 

With regard to British retarder yards, 
from Appendix « C » and Fig. 7, it will 
be seen that the average gradient varies 
from 1.87 % for Hull (Inward) yard to 
1.35 % for Toton (Up) yard. At the 
latter yard the traffic mainly consists of 
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loaded mineral vehicles and allowance has 
been made for an increasing proportion 
of the better running oil axle-box vehicles. 


For recent American retarder yards the 
average gradient of the profile, as indicated 
in Table III, is approximately 1.4 %. 


For the purpose of estimating the separ- 
ation of vehicles, however, it is also neces- 
sary to know the normal maximum and 
minimum resistance for vehicles, i.e., re- 
sistance for normal « bad-runners » and 
« good-runners ». In the « Engineer >», 
January 1932, values of .80 % and .22 % 
respectively were quoted, but from an 
examination of the profiles submitted, it 
would appear that they are now taken as 
being between the approximate limiting 
values of 2.00 % and .50 % respectively, 
these figures including allowance for vari- 
ables as listed under a) to g) above. 


The principal car resistance figures 
quoted in the A.R.E. A. Proceedings are:-— 


a) Average resistance of hard 
rolling cars under adverse condi- 
tions between apex of hump and 


leaving end of last retarder . ea 
b) Average resistance of hard 

rolling cars under adverse condi- 

tions between leaving end of last 

retarder and clearance points 0% 
c) Average resistance of heavy 

easy rolling car under favourable 

conditions beyond last retarder 226 


In using the above figures compensation 
is made for curvature and for switches and 
crossings. 


It is noted that it is the practice in the 
U. S. A. to adopt different values for car 
resistance, the greatest value occurring 
where the gradient is steepest. 


This variation of resistance along the 
profile is known to occur with British 
vehicles; Mr. J. C. Kubale noted in the 
paper referred to above that for a typical 
bad running vehicle the variation was 
PG0U7,.to 1:85:79: 
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Profile in vicinity of apex of hump. 


Fig. 7 shows that on the approach side 
of the hump apex a short rising gradient 
is provided to close up the vehicles and 
this gradient requires to be of sufficient 
length to ensure that the longest cuts can 
be uncoupled. If the vehicles are not un- 
coupled before this gradient is reached, 
it should extend far enough back to ensure 
that the longest cut can be disconnected. 
At Hull (Inward) yard the gradient requir- 
ed is very short as the reception tracks are 
rising. 

At the apex of the hump, the radius of 
the vertical curve provided in British re- 
tarder yards varies from 528 ft. to 660 ft. 
It can be shown that if the radius is more 
than 1,333 ft. vehicles 20 ft. long and 
having resistance of 2 % and 1 % will not 
separate when the vehicle of higher resist- 
ance is pushed over the hump first. In 
American retarder yards, the vertical curves 
are approximately twice as long as in 
Britain and of four times the radius. 


In Great Britain, the initial falling 
eradient on the hump profile varies from 
DIO8 7, tO 9-00 97, (Wein ftom ite 2 0) 
the latter gradient has been adopted at 
Toton (Up) yard where loaded vehicles 
predominate. In the U. S. A. the initial 
gradient in recent yards is 4.00 % (1 in 25). 


The short initial gradient on the hump 
is, of course, the maximum occurring in 
the yard, and for British conditions the 
gradient of 5.88 % (1 in 17) does not 
usually cause difficulty with any type of 
engine or vehicle. The maximum gradient 
permitted is governed more by the neces- 
sity to provide a suitable vertical curve 
in the limited length available. It is 
essential that the smallest possible radius 
of vertical curvature be adopted, otherwise 
the proper separation of the cuts will not 
be obtained before the king switch. 


In practice the required radius of vertical 
curvature at the apex cannot be provided 
to permit of all types of vehicle passing 
over it, and consequently other arrange- 
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ments have to be made to avoid certain 
units passing over the hump. In British 
retarder yards certain vehicles with a very 
low underside clearance or having an 
exceptionally long wheel-base, have to be 
prohibited from passing over the apex of 
a hump, and this may also apply to sets 
of coupled vehicles carrying long rigid 
loads. At Toton (Up) yard a short level 
section was introduced into the longitudinal 
profile at the apex of the hump in order 
to shorten the length of the vertical curve 
on the descent side, with the result that 
it has reduced considerably the number of 
vehicles which would otherwise have been 
precluded from passing over the hump. 


We have no detailed information con- 
cerning the factors which govern the verti- 
cal curves adopted in the U. S. A. 


Profile between apex of hump and clear- 
ance point. 


After the steep initial gradient, the 
British practice is to provide a gradient 
which will cause the majority of vehicles 
to accelerate by gravity into the switching 
area. This gradient is also provided 
through the retarders in order that the 
effect of collision, between vehicles which 
may be stopped in the retarders and follow- 
ing vehicles, can be minimised. 


Beyond the retarders the gradient provid- 
ed in recent British yards is 50097) (Imm 
200). In the U. S. A. varying gradients 
are provided beyond the retarders, as in- 
dicated by the profiles reproduced in Figs. 4 
and 8, for North Platte and Enola yards. 


The principal reasons for this are :— 


1) Hand brakes on U. S. A. vehicles 
(with the hand wheel located at roof 
level) are not so accessible as on 
British vehicles. 


2) The desirable speed at contact of 
U. S. A. vehicles should not exceed 
2m. p. h. in order to enable coupling 
to take place without damage. In 
the U. S. A. therefore the release 
speed from the last retarder has to 
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be very carefully regulated, and the 
gradients immediately beyond the re- 
tarders, and indeed throughout the 
sorting sidings, are designed to be 
non-accelerating for the easy running 
vehicle. Apart from the question of 
avoiding damage, this consideration 
does not apply on British Railways 
where automatic couplings are not in 
use on freight vehicles. 


In the U. S. A. compensation is provided 
immediately beyond the retarders for cur- 
vature and for switches and crossings and, 
clear of the crossing work, for curvature 
only, and usually results in the outer tracks 
being at a level 1 to 2 ft. below that of 
the centre tracks. It will, therefore, be 
appreciated that if such cambering was not 
provided and the centre tracks were given 
the drop required for those on the outer 
tracks, additional retarder capacity would 
be necessary for the centre tracks. For 
British layouts, the difference in level be- 
tween the centre and outer sidings would 
be of the same order if cambering was 
adopted, but as British vehicles weigh con- 
siderably less than American vehicles, the 
retarders are able to provide the extra 
braking power required for the centre 
tracks, and no cambering has, therefore, 
been carried out. 

Any compensation provided in the switch- 
ing area immediately beyond the retarders 
is necessarily a compromise, on account 
of the various tracks and fans having to 
attain a common level at the leads. The 
compensation can, however, be adjusted 
clear of the crossing work and the graphical 
method of detailing the slopes considerably 
facilitates the design. Compensation on 
these lines was carried out in the U. S. A. 
prior to 1930, but since that date the pub- 
lication of the graphical methods of de- 
tailing the slopes, and the increased know- 
ledge of the running characteristics of 
vehicles, has clarified the matter from the 
designers point of view. 

Beyond the switching area, and as far 
into the sorting sidings as possible, the non- 
accelerating gradient provided in British 
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yards is normally .50 % (1 in 200). The 
distance over which this gradient extends 
has been varied in the British yards ac- 
cording to the nature of the traffic and 
vehicles, and in some instances to keep the 
amount of earthwork within reasonable 
limits. In the U. S. A. the non-accelerating 
gradient in recent yards is appproximately 
.20 % (1 in 500) and in many earlier yards 
the figure was frequently .30 °% (1 in 333). 


Ideal braking methods. 


The questionnaire suggested that inform- 
ation concerning the hump profile should 
take into account ideal braking methods. 


Railbrakes in the form of retarders are 
provided at the head of the sorting group 
for the following purposes :— 


1) To adjust the spacing between cuts 
of vehicles having different running 
characteristics by means of « interval » 
braking. 

2) To provide for additional variations 
in the running characteristics of the 
vehicles caused by weight, track re- 
sistance, temperature, wind, etc. 


3) To control by « distance » braking 
the gravitation of vehicles into the 
sorting sidings, each of which may 
offer a resistance varying according 
to the amount of curvature and cros- 
sing work on the route, and the 
compensation provided. 


In practice, the braking methods ap- 
proach the ideal if :— 

a) The rate of humping is not reduced, 
by an excessive amount of braking, below 
that at which separation is intended to 
take place at the leads in advance of the 
retarders. 


b) The « distance » braking is sufficiently 
effective to avoid excessive speeds of con- 
tact with vehicles already in a siding. 

The steep initial gradient and the pri- 
mary and secondary leads are, in British 
yards, so arranged that all vehicles can be 
separated at the switches with a maximum 
humping speed of about 2 m. p. h. (3 ft. 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


503/83 
per sec.). The normal humping speed, 
however, ‘does, not) exceed 91-7 sms ps h: 


(2.5 ft. per sec.) so that there is no prob- 
ability of collisions occurring before pri- 
mary and secondary separation takes place. 
Also, in British yards, the retarders are so 
placed on the profile (usually between 
the secondary and tertiary leads) that a 
good running vehicle will not overtake a 
bad running vehicle before the former is 
checked by « distance » braking. 


In British yards, the humping speed is 
affected by the probability of good running 
vehicles, which have been distance braked 
in a normal manner and are moving slowly 
through the switching area beyond the 
retarder, being overtaken by an unretarded 
bad running vehicle. In these circum- 
stances the latter would have to be retarded, 
and in the case of exceptionally bad run- 
ners, the vehicle would not reach its cleay 
ance point in the sorting siding. In 
practice, the probability of such conditions 
arising is reduced by the switching which 
may have taken place in advance of the 
retarders, or which may take place imme- 
diately beyond the retarders before colli- 
sion can occur. ‘The amount of such 
switching depends upon the incidence of 
the cuts into which a train is divided. 


In order to improve separation beyond 
the retarders, the gradients should, if 
possible, be compensated for curvature and 
for switches and crossings. The release 
speeds from the retarders will then be more 
uniform, thereby reducing the need for 
« interval » braking. ‘The switching area 
beyond the retarders should be made com- 
pact, as less time is then required for slow 
moving vehicles to run clear. The brake 
operator can therefore improve the « di- 
stance » braking as he is able to use a 
wider range of release speeds. 


Modern means of communication (loud- 
speakers, teleprinters, etc.) enable the brake 
operators to receive information concerning 
the vehicles in good time, and in the event 
of difficulties occurring beyond the re- 
tarders instructions to ground staff or to 


504/84 BULLETIN OF THE INT, RAILWAY CONGRESS ASSOCIATION APRIL 1950 


4 
Fic..8 ENOLA YARD PENNSYLVANIA RR. 
AREA CONTROLLED BY TOWER A ENCLOSED THUS —-—--—- — 
oe IE) oo as a i are 
" ; i ie : 

HUMP CABIN ! 
NSPECTION PITS i 7h Po Re ee | 
(aank: : CE. 
SOFT STEEL LIGHT POLES 7s RETARDER Nel —— 
_ : == ae DIUM LAMP eo | 
So ee eee ne ie secn Nosy 


sr 
50 FT STEEL POLE 


| | 
| | 

i 
| 
| | 
| 


0°60 lo 


; NOTE THe PERCENTAGE GRADIENTS AND SIDING NUMBERS Ree 311°, 24 

| ARE INDICATED IN THE ORDER CORRESPONDING TO 

| | | 

| THAT IN WHICH THEY OCCUR ON THE GRADIENT PROFILE. 

} 

| 

e) 100 200 300 400 _ = 00) FS : 
Sede OO) _ aK 

! 
the operator controlling humping can be D. — Braking installations. 


given without delay. 


In the U. S. A. the method of braking 


@ 
is different from that in Great Britain in 


that three retarders in series are usually 
employed. The speeds of the vehicles are 
controlled and spacing is effected by « inter- 
val » braking in the first and second sets 
of retarders, and the function of the last 
set of retarders is as in British yards, 
mainly « distance » braking. Allowing for 
the greater length of vehicles, the humping 
speed in the U. S. A. (normally about 
3m. p. h.) gives a time interval between 
single vehicles at the apex of approximately 
10 seconds. 


Since the Madrid Congress in 1930, no 
new basic principle of design has been 
introduced and developments have been 
confined to the improvement of existing 
types. 


Three types of retarder are in use: 


a) Hydraulic. 

b) Electro-pneumatic. 

c) All-electric. 

The « eddy-current » retarders, installed 


at Whitemoor (Down) yard, were removed 
in 1949 after 17 years service. 


In order that the amount of work carried 
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out in Great Britain, India and the U. S. A. 
can be compared, the number of yards 
equipped with retarders in each country 
is given below :— 


(4) Includes one under construction. 


Position of Retarders. 


In all the British marshalling yards, 
except Whitemoor (Down) yard, the re- 
tarders are installed between the secondary 
and tertiary leads to fans of not more than 
10 sidings. As explained in the previous 


AY Row ms anne Total section, the location of the retarder in this 
position is necessary if they are to perform 
the « distance » and « interval » braking 

Great Britain 4 (1) 5 required for satisfactory running beyond 
the retarders. 

eas. 30 » 52 In the marshalling yards of the U. S. A., 

7 the usual practice is to instal the retarders 

Windia ates ee = 1 1 in advance of the primary, secondary, and 


tertiary leads. It would not be practicable, 
either from the braking aspect or from the 
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point of view of permanent way layout, to 
concentrate the considerable length of re- 
tarders required in one position. The final 
retarder in American yards usually covers 
a fan of not more than seven or eight 
tracks. 

‘The retarder capacity provided in Amer- 
ican yards is, as in Great Britain, sufficient 
to stop with a margin of safety a good 
running vehicle moving under the most 
favourable conditions, but in some yards, 
for example Enola, remotely controlled 
skates are installed in the sorting sidings 
a short distance before reaching the clear- 
ance points. They are, however, only used 
to brake vehicles which have left the re- 
tarders at excessive speeds, or which have 
been incorrectly routed. 


Hand-placed skates are used in some 
British yards when necessary, mainly for 
the purpose of establishing the head of a 
train. At Hull (Inward) yard, for example, 


they are used at the departure end of the 
sorting group. 


Description of braking apparatus used. 


Descriptions of all types of retarder at 
present in use were included in the 1930 
Reports and we are therefore only giving 
information concerning developments which 
have taken place during the past twenty 
years. 

The hydraulic retarder, designed on the 
« weight-automatic » principle, is at present 
installed in all the yards in Great Britain 
and at Naihati yard in India. The early 
retarders, installed in 1929 at Whitemoor 
(Up) yard, were removed in 1945 after 
16 years service. Their length, at first 
50 ft., was increased to approximately 75 ft. 
after a short period of trial. 


The present installations at Whitemoor 
(Up and Down) and Hull (Inward) yards 
are all 75 ft. long: at Toton (Up and 
Down) yards the retarders are of similar 
design but 62 ft. long. These lengths are 
measured over the braking rail in each 
Instance. 


BULLETIN OF THE INT. RatLwAy CONGRESS ASSOCIATION 


Apri 1950 


The British retarders are all placed on 
concrete foundations. The most recent 
installation at Toton (Up) yard provides 
for an inspection pit under each retarder, 
the four pits being interconnected by a 
subway situated at the hump end of the 
retarders. ‘The subway has a clear height 
of approximately 7 ft., and is 6 ft. wide 
with access to and from ground level by 
means of a ramp having a slope of 1 in 8. 
It provides accommodation for main power 
supply cables and hydraulic pipe connec- 
tions to the retarders. The inspection pits 
under the retarders have a slope towards 
the subway and provide headroom beneath 
the retarder cross beams of 6 ft. adjacent 
to the subway decreasing to 4’ 6” at the 
end remote from the subway. ‘The subway 
includes a drainage channel having a fall 
to a sump for collecting surface water, the 
latter being discharged automatically by 
means of an electrically driven pump. 
Solid abutments are provided at the other 
end to take the thrust due to braking. 


The retarders at Whitemoor (Up and 
Down) yards have pits allowing of access 
under the brakes for inspection and these 
are connected by pipe and cable ducts. At 
both these yards concrete slabs have been 
constructed under the tracks at both ends 
of the retarders to reduce the impact of 
vehicles running on and off. 


At Hull (Inward) and Toton (Down) 
yards, the retarders use water as the hy- 
draulic medium, but at Whitemoor (Up), 
oil is used for this purpose. Oil is also 
used for the recent installations at Toton 
(Up) and Whitemoor (Down) yards. Im- 
proved functioning of the mechanical por- 
tions is thereby obtained and heating of 
the hydraulic system to prevent freezing 
in cold weather is obviated. 


At Toton (Up) and Whitemoor (Down) 
yards, compressed air accumulators are 
incorporated in the pumping equipment 
instead of the weight loaded type, thus 
avoiding the construction of an accumu- 
lator structure and saving a considerable 
amount of space. 


Other improvements incorporated in the 
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design of the hydraulic type of retarder 
include :— 


a) The wearing sections on inner and 
outer braking rails are more easily removed. 


b) Screw adjustment provided on outer 
rail to take up wear. 


c) High-pressure gun lubrication. 


A cross-section of the recent design of 
hydraulic retarder is reproduced in Fig. 9, 
shewing the brake in the raised and lower- 
ed positions. The braking rail rises from 


1” to 4 1/2” above the top of the running 


BULLETIN OF THE InT, RatLway Concress ASSOCIATION 


907/87 


series of units can be laid to any multiple 
of this length. Each intermediate unit is 
interchangeable and consists of an assembly 
of levers, actuated by a cylinder, which 
operates a stiff brake beam 6’ 3” long. 


The main features of the « nutcracker » 
retarder are set out below and indicated 
in. kie, 10. 


a) The over-all depth and design of the 
retarder are such that it can be fixed to 
sleepered track, and the only foundation 
normally required is a good depth of stone 
ballast. 


BRAKE RAISED 


BRAKE LOWERED 


Fig. 9. — Hydraulic type retarder. 


rail for wheels 5” wide. The unit is com- 
pletely assembled in workshops so_ that 
installation can be carried out quickly on 
site using cranes. 

In the U. S. A., both the electro-pneu- 
matic and all-electric types of retarder have 
continued in use during the last twenty 
years; no information has been reported 
concerning the latter type. 

The electro-pneumatic retarder has been 
greatly altered since it was described in the 
1930 Reports. In 1931, a retarder, having 
brake beams which grip the wheels after 
the manner of the jaws of a nutcracker, 
superseded the earlier design. It is built 
up in units of 6’ 3” in length, so that a 


b) The levers and cylinder of each unit 
turn freely on a pivot, so that the brake 
shoes adjust themselves to the wheels of 
the vehicles and give an equal pressure on 
each side of the wheel. 


c) Brake shoes are bolted to the brake 
beams, both components being 6’ 3” long. 
The articulated joint between adjacent 
beams is spanned by the brake shoe to 
impart a rigidity to the retarder as a whole, 
but at the same time giving a certain 
amount of flexibility to provide for the 
various widths of wheel and for fixing on 
curved track. 


d) The braking beams rise as they ap 
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proach the running rail. One type pro- 
vides for 2 14” vertical clearance between 
the brake beam and the top of the running 
rail when the brake is open, and the brake 
beam rises 9/16th in. when gripping a 
wheel approximately 4 34” wide. 


e) The cylinder of each unit is above 
sleeper level and all moving parts are 
accessible for grease pump lubrication and 
repair. Brake shoes are easily adjusted or 
renewed. 


f) ‘The retarder can be fixed to one rail 
only when space is very limited. 


g) There is no metallic connection be- 
tween units fixed to opposite rails, and 
it is therefore possible to carry track cir- 
cuits through the retarder if necessary. 


h) The braking force is entirely con- 
trolled by the operator. Four stages of 
air pressure are applied to the cylinders, 
and as each retarder is usually divided into 
two sections, eight degrees of braking are 
obtained. 


At Enola yard, where the electro-pneu- 
matic type of retarder is installed, concrete 
foundation slabs are provided 13 ft. wide 
Byo2oo tt slong by 717 inches deep at ithe 
centre. Under the rail, the slab is reduced 
in depth to 12 inches and a notched plinth 
17 inches wide is provided to support the 
timber sleepers of the track, which are 
notched to prevent lateral movement. 


A second similar type of foundation has 
also been constructed at Enola and Willard 
yards having the running rail bolted direct 
to the concrete plinth. Cushioning pads 
are provided under the seating chairs. For 
both types of foundation an approach slab 
is provided at each end to reduce the effects 
of impact. 

It will be noted that, as in 1930, there 
are wide differences in British and Amer- 
ican practice, not only in the length and 
distribution of the retarders, but also in 
their design. The principal reasons for 
these differences, so far as we can ascertain 
in the absence of further information from 
the U. S. A., are :—~ 


14 
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a) In the U. S. A., vehicles weigh up to 
90 tons gross or more whereas British 
vehicles do not generally exceed $2 tons 
in weight when loaded. The corresponding 
axle loads are 22 % tons and 16 tons. 
Bogie vehicles cannot be so_ effectively 
braked as 2-axle vehicles. 


b) The design of retarders in the U. S. A. 
provides for a more restricted clearance 
between the brake beam and the top of 
the rail, thus limiting the height at which 
a wheel can be gripped. 


c) The fall of the hump between the 
apex and last retarder in American mar- 
shalling yards is comparatively greater than 
in British yards, and more braking capacity 
is therefore necessary to deal with good 
running vehicles. 

d) Lower release speeds from the last 
retarder are necessary. 


The « eddy-current » retarders installed 
at Whitemoor (Down) yard remained in 
service 17 years and during this period each 
retarder, because of its position between 
the « king » and « queen » switches, dealt 
with roughly 50 % of the vehicles passing 
over the hump. ‘These retarders were 
eventually replaced by the hydraulic type. 


With regard to the skates used in Amer- 
ican marshalling yards, the type used at 
Enola consists of a simple design of shoe 
which is placed on the running rail by 
means of a system of levers. The levers are 
connected to a piston which is moved, 
under the control of the brakesman in the 
control tower, by means of a small com- 
pressed air cylinder. ‘The shoe is taken 
away by the wheel of the vehicle without 
shock or damage to the mechanism, and 
is returned to the machine by hand. An 
all-electric type of remotely controlled skate 
is also used in the U. S. A. No provision 
is made for ejection of shoes at a prede- 
termined point. 


Staff employed for braking. 


In the more recent British installations 
at Hull (Inward) and Toton (Up and 
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Down) yards, the brake operator is in a 
control tower situated to one side of the 
switching area and just beyond the leaving 
end of the retarders. The floor level is 
approximately 20 ft. above rail level. The 
four retarders are controlled by one man 
from a panel independent of the point 
panel. 


At Whitemoor (Up) yard, the control 
tower is built on the centre line of the 
yard immediately beyond the leaving end 
of the retarders. From this position it is 
necessary to have one man, controlling two 
retarders, on each side of the room. At 
Whitemoor (Down) yard the control tower 
is in a similar position, and one brake 
operator, controlling two hydraulic retar- 
ders, is placed centrally at the end of the 
room facing the hump and a mirror is used 
to enable the progress of vehicles to be 
followed through the switching area. 


In American yards, it is the practice to 
arrange the retarder and switch controls 
on one panel and the operator is respon- 
sible for both operations. More than one 
control tower is usually provided normally 
situated to the side of the area controlled 
therefrom and in some recent yards the 
floor height has been 12 to 14 ft. above 
rail level. 


At Enola yard (Fig. 8) tower « A » near- 
est the hump controls all the switches (6) 
before the final retarders, together with the 
primary retarder and the three secondary 
retarders. “Tower « B » controls 15 switches 
and 3 retarders, and tower « C » 16 switches 
and 3 retarders, together with some switches 
outwith the sorting group. The retarders 
are in two sections so that there are two 
sets of controls for each retarder. 


Efficiency of braking. 


The Administrations report that the 
above arrangements for controlling the 
brakes, when associated with the most suit- 
able profile, give efficient braking. 

With regard to the retarders themselves, 
their efficiency from the point of view of 
interval and distance braking was dealt 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


APRIL 1950 


with in a previous section of this report 
under « Ideal braking methods ». From 
the point of view of availability and main- 
tenance cost, the efficiency of the recent 
types has been greatly improved by the 
developments described above. 


In British yards, the method of main- 
tenance varies according to the facilities 
which can be offered by the Operating 
Department. Normally, periodical examin- 
ation and maintenance of one retarder 
unit is carried out under complete posses- 
sion of one fan for a few hours weekly or 
monthly. Day-to-day examination is pro- 
grammed to be carried out systematically 
at times when humping can be suspended, 
and during the meal periods of the shunt- 
ing staff. “he maintenance operation re- 
quiring the longest period of possession is 
the changing of a worn brake rail. This 
operation is carried out in one day after 
the retarder has been approximately two 
years in service depending upon the inten- 
sity of the user. 


For the hydraulic retarder a power con- 
sumption of approximately .03 units per 
vehicle humped is typical for British yards. 


With regard to supplementary braking, 
this is not normally required in British 
and American retarder yards, but in Great 
Britain one man is usually employed in 
each fan to deal with vehicles which are 
running too fast, with non-retarder vehi- 
cles, and with exceptional traffics. In 
Enola yard five or six men are employed 
to apply hand brakes on the leading vehi- 
cles of trains in the sorting sidings. 


Retarders in British yards are designed 
to brake vehicles with wheel widths vary- 
ing by three-eighths inch maximum within 
the fixed maximum and minimum widths 
(from 4.13/16” to 5.3/16”). They are not, 
however, suitable for retarding vehicles 
having bolted or rivetted tyres. No reply 
on this point has been received from the 
U. S. A. but it is understood that the re- 
tarder designs provide for a considerable 
variation in wheel width. 
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Control of retarders. 


British Railways have had no experience 
of operating retarders in two or more 
sections, but in the U. S. A. both the 
electro-pneumatic and all-electric types are 
Operated in two or more sections, each 
usually 40 ft. long approximately. 


The main object of dividing the retarder 
is to give a greater range of braking force, 
but it also has the advantage that if a 
vehicle is stopped at the outgoing end of 
the retarder a following vehicle can be 
checked at the entrance to the retarder and 
a collision avoided or its effect minimised. 


We have no information concerning 
apparatus to automatically determine the 
degree of braking required for vehicles 
running under different conditions, for 
example, of vehicle resistance, speed, 
weather, weight of load, track resistance, etc. 


In Great Britain the degree of braking 
to be applied is a matter of judgment by 
the operator. The hand controlled valves 
of the weight-automatic hydraulic retarder 
are fitted with a pressure balancing device 
which allows a variable pressure of between 
400 and 1,600 Ib. per square inch to be 
applied. 

At some British retarder yards alternative 
high tension electricity supplies are given 
to each sub-station from independent sub- 
stations of the Supply Authority. No spare 
electric power generating units are pro- 
vided. Duplicate transformers, low tension 
switchboard and feeders usually are pro- 
vided to the respective relay rooms, hydrau- 
lic pumps, air compressors, lighting, etc. 
In general, the electricity supply, hydraulic 
system and the compressed air system, are 
duplicated to guard against failure and to 
facilitate maintenance. 


E. — Control of point operation. 


At the time of the 1930 Congress, power- 
operated signals and points, with track 
circuits and control apparatus, were already 
used in the marshalling yards of Great 
Britain and the U. S. A. The technical 
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developments which have taken place since 
1930 have been derived from those which 
have occurred in running line practice, 
especially as regards equipment and build- 
ings. We do not, therefore, propose to 
describe either equipment or buildings in 
detail, but to indicate how modern methods 
have been applied to facilitate the working 
in marshalling yards. 


Point movement. 


In the British yards listed in Appendix 
« G » (except Whitemoor) the travel of 
the points is effected by compressed air 
of pressure 30. Ib. per sq. in. to 50. Ib. per 
sq. in. The points are not bolted but 
electric indication is provided. At White- 
moor (Up and Down) yards, the points are 
operated by all-electric machines (110 volt 
D. C.). The time of travel of points varies 
in the different yards from .20 sec. at Hull 
to .60 sec. (maximum) at the Whitemoor 
yards. For Toton (Down) yard, the time 
of travel is reported as .30 to .50 sec. 


On the Indian Railways electrically oper- 
ated points are used at Naihati, Chitpur 
and Tondiarpet yards. In the U. S. A. 
both all-electric and electro-pneumatic types 
of point machine are in general use. 


In British retarder yards, « normally 
de-energised » track circuits are employed. 
The movement of the points is controlled 
by a vehicle clearing a track circuit extend- 
ing for a short distance in advance of and 
beyond the points. The total length of 
track circuit should be greater than the 
longest wheel base of vehicles so that the 
points are held under such vehicles, and 
in advance of the points the length of the 
track circuit should be sufficient to ensure 
that enough time is allowed for the oper- 
ation of the relays and points. The control 
circuit is so arranged that, if movement 
has already been initiated when a vehicle 
enters the track circuit, the points can com- 
plete their travel. In Great Britain, the 
total length of the track circuit at the 
points is 37 to 51 ft. approximately, and it 
should not be longer than necessary as it is 
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one of the principal factors governing the 
humping speed. The length of track cir- 
cuit provided in advance of the first three 
sets of points at the following yards is :— 
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In British yards, duplicate electric power 
supplies (where obtainable) with duplicate 
power mains between the sub-station and 
hump building or control tower are pro- 


‘ Whitemoor Hull Toton Toton 
one (Up) (Inward) (Down) (Up) 
« King » L664 20’ 0" gest WS" 


16’ 6’ 


« Queen »» 


« Jack » We OF 


After the retarders, the selection of suit- 
able lengths of track circuit in advance of 
and beyond the points is particularly im- 
portant as the speed of vehicles in this 
area varies greatly according to the amount 
of retardation applied. For example, under 
British conditions, a bad running vehicle 
may require no braking and run through 
the « jack » points at a speed of 15 m. p. h., 
whereas a good running vehicle may be 
retarded to 4 m. p. h. 


In American marshalling yards, point 
movements are effected by equipment simi- 
lar to that in British yards. Special cir- 
cuits have been designed for the operation 
of « lapped » switches. The minimum 
length of track circuit in one recently com- 
pleted yard was 55 ft., of which 22 ft., was 
in advance of the points and 33 ft. beyond 
the points. At the « king » and « queen » 
points however, the lengths of track circuit 
in advance of the points were respectively 
2 tt. ande28 its 


Stand-by equipment. 


The extent to which stand-by equipment 
is provided depends mainly on the reli- 
ability of the primary source of power, 
upon financial justification for the cost 
of the additional plant, and upon the facil- 
ities required for the maintenance of all 


plant and equipment associated with the 
scheme. 


26' OY! 
16’ a! 


vided. Accumulators (lead-acid or nickel- 
cadmium) trickle charged from the main 
supply through rectifiers are used to ensure 
that low voltage D. C. supplies for control 
circuits and track circuits are not inter- 
rupted, and in the case of Whitemoor (Up 
and Down) yards, a similar 110 volt D. C. 
supply is required for the emergency oper- 
ation of the electric point machines. Fail- 
ure of compressed air supply is provided 
for by duplicate compressors and receivers, 
which, however, may be dependent upon 
the main electric power supply. 


At Whitemoor (Up and Down) yards, 
the primary supply is obtained from a 
local Railway generating station which has 
the usual arrangements for safeguarding 
the supply. 

For Enola yard, the 
speakers, wireless, air compressors and 
lighting, is supplied from commercial 
sources with alternative systems of supply. 
Power for the control of switches, retarders, 
and signals is supplied from accumulators 
trickle charged from the main supply. 
Compressed air is supplied by duplicate 
electrically driven compressors, with steam 
sets available for stand-by purposes, or the 
brake pipe of locomotives may be connected 
in case of power failure. The reply sub- 
mitted indicates that duplicate electrically 
driven compressors are provided for main- 
tenance purposes rather than as a safeguard 
against power supply failure. 


power for loud 
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At Willard yard, where all-electric re- 
tarders are installed, a 160 amp-hr. storage 
battery is fed by a 15 kW 265 volt. D. C. 


generator driven by a 40 HP motor on the 


commercial supply (440 volt A. C.). The 
battery is capable of maintaining emergency 


supplies for the retarder motors (220 volt 
D.C.) and for the point motors and track 


circuits. The latter supply is generated at 
110 volt A. GC. by means of a 5 HP 265 volt 


_D. GC. motor working on the battery. The 


emergency battery also supplies, during 
normal working, a proportion of the cur- 


-rent required while the retarder motors 


are in operation. Should the main elec- 
tricity supply fail for a period exceeding 
8 hours, a 15 kW 265 volt D. C. generator 
driven by a 48 HP gasoline engine supplies 
the power for the yard. 


Control of point movements. 


Table V gives a brief description of the 
methods of controlling the point move- 
ments at the head of the sorting group for 
each of the yards listed in Appendix « C », 
together with the number of cuts stored, 
before humping is commenced, or while 
humping is in progress. 

It will be noted that the tendency in 
British yards is for fully automatic oper- 
ation of the points, and at Toton (Up) 
yard, this is effected from a specially de- 
signed building at the hump, provision 
being made for the storage of eight cuts. 

For fully automatic and semi-automatic 
systems, means are provided for immediate 
changeover to « non-automatic », i.e. in- 
dividual point operation when necessary. 

In American yards, of which Enola is 
typical, point movements are made _ by 
manipulation of switches in the control 
towers, and track circuits are used to pre- 
vent ill-timed movements of the points. 
At Montreal (Canadian Pacific Railway), 
and Markham (Illinois Central Railroad 
U. S. A.) yards, however, point control 
systems similar to those at the Toton yards 
are being installed. 

In the event of one cut overtaking or 
being likely to overtake another, it is the 
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duty of the point operators in the control 
towers of British yards to ensure as far 
as possible that the correct sequence of cuts 
is maintained. For this purpose they com- 
municate as necessary with the brake oper- 
ators and with the hump operator in the 
hump building. At Toton (Up and 
Down) yards « stepping » buttons are 
provided applicable to the « jack » points, 
on the control tower panel. In the event 
of one cut overtaking another on a « jack » 
point track circuit the correct sequence of 
the following cuts can be maintained by 
depression of the appropriate « stepping » 
button. If the controlling point track cir- 
cuit has already been occupied before the 
cut running out of sequence can be switch- 
ed by the operator to its correct destination, 
then it must follow the preceding cut into 
the sorting group.. 


Descriptions of installations for controlling 
point operation. 


The following descriptions of the indoor 
equipment provided for controlling point 
operation are given for Hull (Inward) and 
Toton (Down) yards. ‘The former is a 
fully automatic installation controlled from 
the tower, whereas at Toton (Down) the 
system is semi-automatic in that the first 
three separations are pre-set from the hump 
building, the remaining separations being 
effected by manipulation of thumb switches 
in the control tower. 


a) Hull (Inward) yard. 


At Hull (Inward) yard, the layout of 
the switching area is indicated diagram- 
matically on the point control panel, with 
thirty control buttons at the bottom of the 
panel, each of which sets up a complete 
route to one of the thirty sorting sidings. 
At each point of separation on the diagram, 
there is a thumb switch for the individual 
control of the points, with a yellow indic- 
ation on each side, one of which lights up 
according to the position of the points. 
These switches must be in their centre 
position for fully automatic working. 
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Methods of controlling point movements. 


ADMINISTRA- Marshalling 
TION yard 


British Railways Whitemoor 
(Eastern Region) (Up) 


Number 
of cuts 
stored 


50 


Brief description of system and preference 


Storage effected for «king », «queen» and 
« jack » points in magazine type of storage drum 
by point operator in control tower, working from 
« cut » list transmitted from hump by pneumatic 
tube. Remaining points to sorting sidings con- 
trolled individually by switches on a diagrammatic 
panel. This semi-automatic system is reported to 
give faster working than the fully automatic 
system and to provide greater flexibility for con- 
trolling point movements beyond the « jack » 
points. 
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Whitemoor 
(Down) 


British Railways 
(Eastern Region) 


50 


ht s= 


British Railways Hull 
(N.E. Region) (Inward) 


Nil 


Fully automatic operation for all points by 
progression relay system. Route set by push 
button when preceding cut has occupied « king » 
point track circuit. Point operator works from 
cut list transmitted from hump by pneumatic 
tube. Individual operation of points can be 
adopted when necessary. Fully automatic system 
is reported to be preferred as there is less respons- 
ibility for operator, who is thus at liberty to fol- 
low the movement of cuts through the switching 
area. 


British Railways 
(L.M. Region) 


Toton 
(Down) 


Storage effected for «king », « queen » and 
« jack » points by push buttons in hump building. 
Remaining points in sorting sidings controlled 
individually by point operator in tower. Siding 
number of cuts is chalked on vehicles and trans- 
mitted to tower by teleprinter controlled by push 
buttons in hump building. Individual point oper- 
ation of « king », « queen » and « jack » points 
from tower can be adopted when necessary. It is 
reported this method of operation has proved 
satisfactory for the layout and conditions asso- 
ciated with the yard. 
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TABLE V. 


Methods of controlling point movements. (Continued) 


ADMINISTRA- | Marshalling | Number 


TION yard of cuts Brief description of system and preference 
stored 
British Railways Toton 8 Similar to that at Toton (Down) yard, except 
(L.M. Region) (Up) that fully automatic operation is effected by 


depression of the appropriate siding button on a 
panel in the hump building, and provided the 
three-position thumb switches on diagrammatic 
panel of the point area in the control tower are 
in the « automatic » position for the particular 
route. In the event of cuts overtaking, the point 
Operator in the tower can switch any set of points 
from automatic to non-automatic operation by 
turning thumb switch as necessary. 

It is reported that an expression of opinion 
on this method cannot be given until the yard has 
been longer in operation. 


British Railways Mottram Nil Similar to Hull (Inward) yard, Fully automatic | 

(Eastern Region) operation of all points : Individual operation of 
points can be adopted, and it is reported that this | 
method is preferred as working can be faster. 


British Railways Severn Nil Similar to Hull (Inward) yard. No preference 
(Western Region) | Tunnel Junc. reported. 
(Up 
and Down) 
British Railways Banbury Nil Similar to Hull (Inward) yard. No preference 
(Western Region) reported. 
East Indian Naihati 50 Storage effected for «king » points only. 
Railways Preference for fully automatic system in large 


yards is reported. 


Pennsylvania Enola Nil Individual operation of points from three 
control towers. No preference is reported. 
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For fully automatic working the route 
for the first cut is set by pressing the 
appropriate button before humping com- 
mences, but the button for pre-setting the 
route for the second cut cannot be depress- 
ed until the first cut has occupied the 
« king » point track circuit. Mechanical 
locking is provided to prevent more than 
one button being pressed at one time, and 
the button for each successive cut when 
depressed is not released until the « king » 
point track circuit is occupied by the cut 
preceding it. A green light on the panel 
then indicates « next route clear » and a 
buzzer sounds simultaneously to attract the 
attention of the operator. When any 
button is depressed, the green light is 
extinguished and the storage for the 
« king » and « queen » points becomes 
effective. ‘The clearance of the track cir- 
cuit in advance of a retarder controls the 
operation of the progression relay system 
for the remainder of the route. A special 
circuit arrangement, permitting two cuts 
being in a retarder at the same time, pro- 
vides for this non-track-circuited portion 
of the route. 


The progress of a cut on its way to the 
sidings is indicated on the panel diagram 
by red lights which are illuminated as suc- 
cessive track circuits are occupied. 


The top of the desk on which the panel 
is mounted is hinged at the front, so that 
contacts and wiring can be examined from 
the back without unduly interfering with 
operation of the push buttons and thumb 
switches. 


« Cancel » and « Stop » buttons are also 
provided on the panel, the latter con- 
trolling the « stop » aspect of the hump 
signal irrespective of control exercised at 
the hump building. When it is necessary 
to clear the storage the « cancel » button 
is pressed and the thumb switches used to 
control the points as required. There is 
space on the panel for the « cut » list, 
which is transmitted to the tower from the 
hump by pneumatic tube. 
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b) Toton (Down) yard. 


The panel in the hump building is pro- 
vided with buttons applying to each siding, 
together with « cut » buttons numbered 
1 to 6 for transmitting the number of ve- 
hicles in each cut to the operators in the 
control tower. The operator in the hump 
building observes the siding numbers chalk- 
ed on the leading ends of vehicles as they 
approach the apex and presses the appro- 
priate « siding » and « cut » buttons. (See 
Figs. 11 [a] and 11 [0].) 


The following operations are thereby 


effected :— 


(i) Pre-setting of a route up to and in- 
cluding the « jack » points. 


(ii) Printing the number of the siding, 
and the number of vehicles in the cut, on 
paper tapes in front of the point and brake 
Operators in the control tower. 


Additional buttons and thumb switches 
are accommodated on the panel for :— 


a) announcing « non-retarder » vehicles; 
b) announcing « cut not described »; 

c) clearing storage; 

d) operating humping signals, 


and a microphone is mounted on the back 
of the panel. 


An extension of the panel in the hump 
building has a diagrammatic layout of the 
lines in the vicinity of the hump, with 
thumb switches for operation of points and 
running signals, and lights for indicating 
track circuit occupation and position of 
points. 


The panel for point operation in the 
control tower, see Fig. 12, 1s based on 
diagram of the layout from the hump to 
the last sets of points leading into the sort- 
ing sidings and accommodates the following 
switches and indications :— 


(i) Two-position thumb switch for point 
operation with red light at pivot, which 
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Fig. 11 (a). — TOTON (Down) yard — British Railways (L. M. Region). 


View from 


hump building. 
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Fig. 11 (b). — TOTON (Down) yard. — British Railways (L. M. Region). 
Diagram of route setting and cut indicating panel in hump building. 


is illuminated when the point track circuit 
is occupied. The « king », « queen » and 
« jack » point thumb switches have an 
additional « automatic » position. 


(ii) White light on each side of thumb 
switch for indicating the position of the 
points. 


(iii) Red lights illuminated when inter- 
mediate track circuits between « king » 
points and retarders occupied. 

(iv) Buttons applying to « king » and 
« jack » points, for cancellation of one cut 
in the automatic storage in order to main- 
tain correct sequence of following cuts. 
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(v) A thumb switch for placing the 
humping signals to « stop » in emergency. 
An installation on similar principles to 
the above has been introduced at the more 
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It will be noted that when full or semi- 
automatic operation is in force the depres- 
sion of the appropriate buttons on the 
panel in the hump building combines both 


i 
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Live, WD, 


— TOTON (Down) yard. — British Railways (L. M. Region). 


Point operator’s panel in control tower. 


recently constructed Toton (Up) yard, 
except that the route is pre-set throughout 
from the hump building, ice. fully auto- 
matic operation. 


point operation and actuation of the cut 
indicating apparatus. 


Position of point and brake operators. 
In British retarder yards the brake oper- 
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ator in the control tower is positioned as 
near as practicable to the leaving end of 
the retarders. 


At Whitemoor (Up and Down) yards the 
point operator in each tower sits at the 
window facing the sorting sidings, while at 
the other yards, which have the tower to 
one side of the switching area, the point 
operator's position is at the same long win- 
dow as the brake operator, but at the end 
of the room nearest to the sorting sidings. 

At all tic British retarder yards, the floor 
of the control room in the tower is ap- 
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ator’s cabin is located near the « king » 
points and the floor is 12 ft. above rail 
level. It will, therefore, be noted that the 
operators have a clear view of the yard in 
all directions. 


In the control room of the towers in 
British retarder yards, long windows extend 
almost down to floor level, but the height 
is not more than necessary in order to avoid 
sun glare. A canopy is provided over the 
windows, and at Whitemoor (Up and 
Down) and Mottram yards the glazing is 
sloped with the object of avoiding reflec- 
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Fig. 13. — TOTON (Down) yard. — British Railways (L. M. Region). 


Hump building (on left). 


proximately 20 ft. above rail level. Where 
specially designed hump buildings are pro- 
vided, that is, at Toton (Up and Down) 
yards, the floor is slightly above rail level. 
An illustration of the Toton (Down) hump 
building is given in Fig. 13. At Banbury 
and Severn Tunnel Junction (Up and 
Down) yards, the control buildings are 
situated near the hump and the heights of 
the floors above rail level are 9 ft. and 8 ft. 
respectively. At Mottram the point oper- 


Control tower (in distance). 


tion. At Toton (Up and Down) yards 
the hump buildings are provided with a 
bay window, in which the panel is position- 
ed so that the operator has at all times an 
uninterrupted view through an arc of at 
least 180 degrees. 

At Enola yard, the usual American prac- 
tice is followed in that towers are provided 
to the side of the switching area, see Fig. 8, 
and the panel embodies both retarder and 
point controls. The former are arranged 
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above the controls of the points imme- 
diately following the retarders and the 
panel is operated by one man. ‘The floors 
are about 22 ft. above rail level and each 
operator is able to observe the movement 
of vehicles from the apex into the sorting 
group. The glazing is not sloped, but this 
feature has been incorporated in some 
American control towers where heat ab- 
sorbing and tinted glass are frequently 
used. In some recent buildings double 
glazing has been provided and ceilings have 
been covered with special acoustic linings. 


Signalling in marshalling yards. 


An important feature in modern yard 
operation is the provision of efficient con- 
trol over the speed of movement of engines 
engaged in propelling -vehicles over a 
hump. ‘This control is normally exercised 
by a man located at the hump, who must 
be in a position to transmit to the driver 
of the humping engine the necessary in- 
structions for starting, stopping and regul- 
ating humping speed, etc. If the engine 
driver is to respond promptly to these 
instructions, he must receive them in an 
unmistakable manner. 

The method of controlling the movement 
and speed of trains approaching the hump 
varies considerably and the following are 
descriptions of typical installations :— 


a) Whitemoor (Up) yard. 


Two three-position semaphore signals are 
sited 50 ft. in advance of the hump apex, 
each applying to one of the two fans of 
reception lines and providing for a « stop » 
indication and two humping speeds.  Pre- 
viously at this yard, two four-aspect colour 
light signals operating simultaneously were 
provided and applied to both fans of re- 
ception lines. ‘These signals were removed 
on account of poor visibility in sunlight 
(with the sun behind the signals) and in 
addition with two engines in use it was 
necessary to give verbal instructions to 
drivers at the far end of the reception lines 
as to which train should be shunted first. 
Repeater signals have not been provided. 
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b) Hull (Inward) yard. 


A three-aspect colour light signal is pro- 
vided near the apex and repeated once on 
the approach side. This indication applies 
to all the six reception lines. 


c) Toton (Down) yard. 


Lunar-white three-aspect position-light 
signals are used to control humping oper- 
ations. ‘They are repeated five times along 
the main arrival line which is on a curve, 
and also along the adjoining line used as 
a hump engine run-round line and for the 
humping of trains drawn up via the hump 
avoiding line from reception lines parallel 
with the sorting sidings. Another of these 
signals is located on the hump building, 
operating with whichever series of repeaters 
is in use, and which is controlled by 
switches on the panel in the hump building. 


d) Toton (Up) yard. 


Lunar-white three-aspect position-light 
signals are used to control humping but 
features additional to those at the Down 
yard have been provided, see Fig. 14. 

In designing the reception group, the 
lines were planned to be laid out to a 
straight alignment and additional space was 
allowed between alternate lines to permit 
of a series of humping signals being erected. 


In order to indicate to which of the lines 
on either side of the humping signals the 
aspect applies, one of two lunar-white in- 
dication lamps fixed one on either side 
of the signal face, becomes illuminated in 
unison with the humping aspect, thus in- 
dicating whether it applies to the reception 
line on the left or that on the right. 

There are three rows of these signals 
across the reception lines, and the first two 
rows are double sided. ‘This enables the 
driver of a humping engine to look either 
way if visibility is not good. 

These position-light signals only apply 
to humping and draw-back movements out 
of the sorting sidings on to the run-round 
line for re-shunting, the latter being pro- 
vided for by illuminating the « Stop » 
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aspect on the signal applicable to that line 
as soon as the last vehicle drawn back 1s 


clear of the hump. 


Single sided repeater signals in series with 
whichever row along the reception lines 
is for the time being displayed, are pro- 
vided outside the converging points of the 
reception lines and on the hump building. 


On the last row of humping signals 
across the reception lines, bracket arms 
carry signals which normally display a red 
aspect indicating to drivers of incoming 
trains where they must come to a stand. 
A green aspect replaces the red when the 
train engine is to move forward after un- 
coupling from its train. Drivers of incom- 
ing trains work to these colour-light signals 
and not to the position-light humping 
signals. 


The entire system is so arranged date -— 


(i) not more than one series of position- 
light humping signals can be displayed at 
one time; 


(ii) not more than one applicability in- 
dication can be displayed at one time, Le. 
for not more than one reception line; 


(iii) when the red (stop) aspect for a 
train engine is displayed neither the green 
(release) nor lunar-white (humping) as- 
pects for that particular line can be illum- 
inated, and, vice versa. 


Thus the eleven lines (10 arrival and 
1 run-round, any one of which will accom- 
modate an engine, 75 vehicles and brake- 
van), together with the converging area 
and the hump, are adequately covered for 
all train arrival and hump shunting pur- 
poses by signals carried on a comparatively 
small number of posts. 


These facilities are controlled from a 
panel in the hump building mentioned. 
The position-light humping signals, also 
the train engine stop and release signals, 
are operated by one rotary master switch in 
conjunction with a set of push-buttons — 
one for each reception line. 
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e) Toton (Up and Down) yards. 


The lunar-white position-light signals 
display the following aspects :— 


Vertical Hump at normal { a 
Speed weg ssbaaeeen { ro) 

Inclined Hump slow........ OL, Our © 

FLorizonial @stOp care seere eeraer: foxere) 


When out of use the signals are not 
illuminated. Normal and slow humping 
speeds commensurate with the general char- 
acter of the traffic and the running of 
vehicles off the hump are prescribed for 
the guidance of the drivers. Diesel electric 
locomotives fitted with suitable speedo- 
meters are employed for this work. 


f) American yards. 


The A. Ro E. A. (Signal) Section) re- 
commend the following aspects and indi- 
cations :— 


ASPECT INDICATION 


Stop 


(GES sahowodes Proceed at normal hump 
speed 

Double yellow. . Proceed at medium hump 
speed 

NWiellowaeeeeee Proceed at slow hump 
speed 

Flashing Red .. Back up 


Other combinations of colours are, how- 
ever, frequently used. Various types of 
hump signal are installed, but the colour- 
light type is the most usual. Closing down 
movements in the sorting group are con- 
trolled by « trimmer » signals on the hump 
and at the leads entering the fans. Typical 
aspects and indications are :— 


Red — Engines in sorting group to re- 


main beyond clearance points. Humping 
is proceeding. 
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Green — Engines in sorting group may 
enter lead. Humping is stopped. 


At each set of points is a colour-light 
target with lamps facing in both directions, 
with different coloured indications (for 
example, green and yellow) for the two 
positions of the points. 


Safety arrangements. 


In both British and American yards, the 
hump signals are controlled from the 
hump, but provision is made for the point 
operator, in the event of emergency, to 
change the humping aspect to « stop >. 


Certain signalling as necessary apart from 
humping indication is provided in British 
marshalling yards. Train engine release 
movements are usually controlled by signals 
operated from the hump and interlocked 
with humping signals. In British yards, 
run-round movements of humping engines 
and wrong-way movements of engines re- 
turning from the sorting group are carried 
out under the control of the hump and 
tower Operators working in conjuction with 
one another, and giving hand signals or 
verbal instructions as necessary to direct the 
enginemen. At Whitemoor (Up) yard, 
wireless communication is used to facil- 
itate the movements of humping engines 
throughout the yard. At Toton (Up) yard 
the humping repeater signal on the side 
of the humping line opposite to the hump 
building is double sided in order to enable 
men employed in and about the sorting 
group to see when and which humping 
aspects are displayed. 

In British yards equipped with power- 
operated points, the panels are arranged 
to shew track layout in the switching area 
and the indications thereon contribute to 
the safety of yard operations, particularly 
in fog. 

Klaxon horns, electric bells and loud 
speakers are provided at most large yards 
for giving audible signals in emergencies, 
or when adverse weather conditions pre- 
clude the use of the normal visual method 
of signalling. 


BULLETIN OF THE INT. RatLway Concress ASSOCIATION 


523/103 


F. — Communications. 


Both in Great Britain and the U. S. A. 
there have been important developments 
in yard communication systems, but the 
methods do not involve any basic principles 
which were not known at the time of the 
1930 Congress. 


During the last ten years equipment for 
inductive communication and wireless has 
been made available in a form suitable for 
use on engines, and in the U. S. A. since 
1945 a large number of yards have been so 
equipped. In Great Britain, one wireless 
installation has been in service three years, 
and other installations are in the exper- 
imental stage. 


One-way and two-way loudspeaker sys- 
tems of improved design have been pro- 
vided in many yards, and recently several 
installations of the talk-back type have 
been made. The latter type of equipment 
enables the ground staff not only to receive 
messages, but to reply when necessary with- 
out having to move close to the microphone 
unit. With either of these loudspeaker 
systems, the operator at the control point 
may be able to call individually any one 
unit in the yard, and many recent American 
installations include separate « paging » 
equipment consisting of groups of high 
powered one-way loudspeakers distributed 
throughout the yard, mainly for the pur- 
pose of instructing individual members of 
the ground staff to communicate with the 
control point. 


The use of teleprinters has been develop- 
ed in both countries and extensive pneu- 
matic tube installations are provided in 
many American yards. 

British yards. 

In British yards telephonic communic- 
ation is provided between the yardmaster, 
supervisory staff at « key » points, hump 
and control tower staff, signalmen at inlet 
and outlet, maintenance staff, etc. The 
types in use are either automatic or on the 
« omnibus » circuit principle with code 
and in some instances selective ringing. 
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Telephone circuits connected to the rail- 
way exchange located at convenient points 
such as the yardmaster’s office or passenger 
station are provided where necessary so 
that communication can be established with 
points outside the yard area. Circuits to 
the district traffic control offices are pro- 
vided .giving direct communication with 
signal boxes, the yardmaster’s office, and 
elsewhere as necéssary for the purpose of 
train and traffic regulation. 


Two-way loud speaker installations have 
been provided at all the retarder yards 
between the hump building and the control 
tower, for announcing the commencement 
of humping, for varying the speed of 
humping, for regulating movements of 
engines, etc. 


At Toton (Up and Down) yards two- 
way loudspeaker communication is also 
provided between the control tower and 
the point area, and between the inlet 
signalbox and the hump building. At 
Toton (Up) yard a more extensive two- 
way loudspeaker installation is provided 
giving communication between all the 
« key » points throughout the yard. Pro- 
jection type speakers mounted 12 to 14 ft. 
high are used at outside locations and the 
reply microphones with speak keys are 
placed at suitable points in the fans. Cabi- 
net speakers and wall or table microphones 
are provided at inside locations, and where 
selection on a number of different channels 
is required, switch cabinets are fitted. 


At Mottram yard, « cut » numbers are 
transmitted from the uncoupling area (in 
the vicinity of the converging point of. the 
reception lines) to the point operators’ 
cabin, by a loudspeaker system. Alongside 
the track where the vehicles are uncoupled 
are several microphones in series — one 
or other of which picks up the voice of 
the uncoupler announcing the cuts from a 
reasonable distance without it being neces- 
sary for him to speak at close range. It 
will be understood that this man cannot 
stand in one fixed position, and moves 
backwards and forwards varying distances 
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determined by the length of the particular 
« cut >». 

In the North Eastern Region of British 
Railways an experimental talk-back loud- 
speaker system has been installed. The 
outside loudspeakers can be key selected. 
They are of the high pressure cone re- 
entrant 15 W type, the inside or control 
room speaker being a standard 6” or 8" 
cone type. The amplifier used has two 
units, one for the outgoing speakers (15 W) 
and the other for the incoming reproduc- 
tion (3 W). Excessive noise level « squelch » 
is applied on incoming signals. 


One-way loudspeaker systems are used at 
Hull (Inward) and Whitemoor (Up and 
Down) yards for communication between 
the control tower staff and the shunters. 
At Hull, six 15 W units are located adja- 
cent to the retarders. 


No special facilities have been reported 
for communication between the yardmaster 
and the staff at the various key points 
other than the telephone systems described 
above. 

No special means are reported for the 
transmission of waybills, invoices, train 
lists, etc., in Great Britain, where the ne- 
cessity does not arise to the same extent 
ag im tae (Wl, 8, Jae 

At Whitemoor (Up) yard, two-way sim- 
plex wireless communication (85.4 mega- 
cycles per sec.) is provided between the 
control tower, hump and the diesel-electric 
engines regularly used on humping duties. 
On the engines and at the control tower, 
both receivers and transmitters are accom- 
modated. At the hump, receiving and 
transmitting facilities are provided by 
means of a unit for remote control of the 
apparatus located in the control tower. 


On the London Midland Region of 
British Railways, an experimental two-way 
wireless installation has recently been in- 
stalled in one yard, to provide communica- 
tion between the foreman’s office and a 
diesel-electric engine. ‘The system is sim- 
plex and operates on 160 megacycles per 
sec. 
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On the North Eastern Region of British 
Railways a short wave wireless equipment 
for providing communication is being in- 
stalled between a control tower and a 
shunting engine. The apparatus is sim- 
plex and operates at 80.025 megacycles per 
sec. and crystal controlled F. M. at 20 W 
R. F. Experimental equipment for the 
same purpose, on a two-way inductive 
system is being tested by this Region. The 
apparatus will function at 12 kilo-cycles 
per sec. and is simplex and F. M. 30 to 
40 W R. F. are required for the mobile 
transmitter and 2 to 6 W R. F. for the 
control tower set. Adjacent pole routes 
are used for the antennae. 


An American type of wireless set has 
been installed at Moghalsarai (Indian Rail- 
ways) for communication with the shunting 
engine drivers, the equipment works on a 
frequency of 159 megacycles per sec. 


American Yards. 


North Platte yard (Union Pacific Rail- 
road), the layout of which is illustrated 
diagrammatically in Fig. 4, is provided with 
the various systems of communication 
which are briefly described in a) to d) 
below, to indicate the type of equipment 
provided in modern American retarder 
yards. The yardmaster in charge of hump- 
ing operations has his office on the second 
floor of the cabin at the apex, and the 
lower floor of the cabin is occupied by the 
foreman of the humping crew. Control 
tower « A » controls the first three points 
and the first three retarders; towers « B » 
and « C » each control 19 points and three 
retarders. The general yardmaster’s office 
is located on an upper floor of a building 
near the outlet end of the sorting group. 


a) Teleprinters. 


Cut lists are received in the general tele- 
graph office on a reperforating tape, which 
is run through a transmitter operating tele- 
printers in the two yardmasters’ offices and 
the three control towers. 


15 
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b) Telephones. 


A 55 line PBX telephone switchboard is 
provided in the general yardmaster’s office 
for local and long distance communication. 


c) Wireless communication. 


Two fixed stations are provided, one at 
the general yardmaster’s office (160.29 
megacycles per sec.) and the other at the 
cabin on the hump (160.41 megacycles per 
sec.). On each of the eight diesel loco- 
motives employed in this yard, two receivers 
and one multiple frequency transmitter are 
installed. This apparatus requires a 117 
D. C. supply, the current being provided 
by means of a motor generator set driven 
from the 64 volt engine starting battery 
at 117 volt A. C. and rectified by selenium 
power packs. 


The engineman communicates with the 
foreman in the hump _ building while 
humping, and when employed elsewhere 
in the yard he keeps in touch with the 
general yardmaster — the frequency of his 
transmitter being changed by operating a 
thumb switch in the cab. The volume of 
the loudspeaker in the cab is controlled by 
a knob located near the thumb switch for 
selecting frequencies. 

The wireless controls are on the ground 
floor of the hump building and are du- 
plicated in the yardmaster’s office on the 
floor above, so that he can communicate 
with the engine crew when it is on the 
reception lines, ete. 


d) Loudspeaker communication. 


Two systems are provided. The princi- 
pal system is for communication between 
the general yardmaster and the men at 
various places throughout the yard, and 
the secondary system is for communication 
between the hump building, the three con- 
trol towers, and the men at the apex and 
in the sorting sidings. 

The general yardmaster, by operating the 
appropriate key on his switchboard, can 
speak to any one of 120 talk-back loud- 
speakers fixed back-to-back on posts 7 ft. 
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high spaced 200 to 300 ft. apart. For 
speaking, the yardmaster presses a foot 
switch, which he releases for listening, and 
he can be heard and answered by the man 
on the ground provided he happens to be 
within 100 ft. of one of the loudspeaker 
units, which are rated at 35 W (peak). 
If the man being called does not answer, 
then the yardmaster operates a key to con- 
nect his microphone to any one of four 
groups of « paging » loudspeakers. ‘These 
are located on poles 50 ft. high 800 to 
900 ft. apart and are rated at 50 W. 

The positions of the various types of 
loudspeaker are indicated on the diagram 
of North Platte yard, — Fig. 4. 

When it is desired to call the yard- 
master, a button is pressed on the post at 
a talk-back location. In the general yard- 
master’s office a buzzer sounds and a lamp 
adjacent to the key corresponding to that 
location, is lighted. ‘The yardmaster then 
operates a key and foot switch to speak. 


The secondary loudspeaker system is 
similarly operated, either by the foreman 
of the engine crew from the ground floor 
of the hump building, or by the hump 
yardmaster from his office on the upper 
floor. It consists of 12 talk-back locations 
in the control towers, in the vehicle in- 
spection pit, and among the sidings. In 
addition, there are five high powered one- 
way speakers for giving general instructions 
to men uncoupling vehicles, etc. 

Each key on the switchboards applies to 
two loudspeaker locations — one in the 
« up » position and the. other in the 
« down >» position, and there is an indicator 
light corresponding to each location. The 
microphone and loudspeaker at each switch- 
board are common to the loudspeaker sys- 
tems and wireless communications, and 
there are knobs for volume control of the 
wireless and loudspeakers. 


Pneumatic tubes. 


At Whitemoor (Up and Down) yards 
and at Hull (Inward) yard, pneumatic 
tubes are used to convey copies of the 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


Aprit 1950 


« cut » lists from the hump to the control 
tower. 


In the U. S. A., more extensive use is 
made of this equipment, particularly for 
transmitting waybills and other documents 
from the inlet of the yard to the yard- 
master’s office, where the « cut » lists and 
waybills for outgoing trains are usually 
prepared. Owing to the great length of 
many American yards, the lengths of the 
principal tubes may be very considerable. 
In one recent installation, 18400 ft. of 
5 % in. diameter aluminium alloy tube 
was used, one route alone being 7 200 ft. 
in length. 


Tube 4 to 5 % in. diameter is used in 
other yards for main routes, and for sub- 
sidiary routes to icing tracks, control 
towers, etc., 2 1/2 to 3 in. diameter tube 
is provided. Messages by pneumatic tube 
are transmitted at a ‘speed of 20 to 30 
mM foe me 


Various communication systems. 
a) Gommunication with shunting engines. 


The inductive type communication sys- 
tem is; installed in some American yards, 
for example in Enola yard, in order to 
provide communication with the shunting 
engines. Either one-way or two-way  sys- 
tems may be used. 


The equipment on the engine includes 
coils which pick up high frequency carrier 
currents usually transmitted from the hump 
building. Distribution of these currents is 
effected by bonding some of the rails and 
by antennae carried on poles or buried 
underground parallel to the sidings where 
the engines work. When the engine is 
under the control of the hump operator, 
a green light is normally illuminated in 
the cab, but when a message is about to 
be transmitted, or failure occurs, the light 
changes to red and a buzzer sounds.. In 
the one-way system, acknowledgement of 
a message is usually made by the whistle 
or by the headlight, or by immediate com- 
pliance with the instruction. 
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The various areas of the yard can be 
controlled separately by using different 
frequencies, which may also be chosen to 
avoid interference with adjoining instal- 
lations. 


The inductive system does not require 
a licence, which is an advantage when the 
authorities are unable to allocate frequen- 
cies suitable for railway purposes. 


b) Facilities for number-taking. 


In the U. S. A., there have been some 
interesting experiments in this connection. 


At Argentine yard (Santa Fe Railroad), 
portable wireless (receiving and transmitt- 
ing) sets are used by staff in the reception 
and departure groups for transmitting ve- 
hicle numbers to the yardmaster’s office. 


At Cedar Hill yard (New York, New 
Haven and Hartford Railroad) the num- 
bers of outbound vehicles are read direct 
off the vehicles into a microphone connect- 
ed to a disc type recording unit, located 
some distance away in the yardmaster’s 
office. When no numbers are being trans- 
mitted, the recording unit does not operate, 
so that a continuous recording is obtained 
on the disc. The recording is played back 
through earphones to the staff responsible 
for making up waybills. Thus, time is not 
occupied at the yard in preparing and 
transmitting information to the  yard- 
master’s office, and detailed particulars of 
the vehicles can be provided without an 
excessive amount of writing out-of-doors, 
which, in bad weather, is difficult to carry 
out with clarity and accuracy. 


G. — Lighting. 


The design of the lighting installation 
of a marshalling yard is a matter which 
should be considered at an early stage in 
the preparation of the scheme, so that the 
best possible locations for poles, towers, 
cable routes, etc., can be reserved. Exper- 
ience in recent years in Great Britain and 
in the U. S. A. indicates that in these cir- 
cumstances the cost of providing an ample 
‘degree of illumination is small in relation 
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to the cost of the scheme as a whole and 
to the greater speed and safety of night 
working which it makes possible. It is, 
however, now generally realised that the 
mere measurement of the degree of illum- 
ination is not the sole criterion and that 
other matters must be taken into consider- 
ation such as :— 


a) Nature of object which it is desired 
to illuminate, for example, shape, colour 
contrast, texture of surface, speed of move- 
ment, etc. 


b) Effectiveness of illumination as a 
whole, as judged by the visibility of distant 
objects, absence of shadows, psychological 
effect, etc. 


c) Atmospheric conditions — for example 
fog and smoke. 


Illumination values at ground level. 


Bearing in mind the above remarks, 
illumination values for British and Amer- 
ican yards are quoted in the table on the 
following page. 

Typical American values of illumination 
quoted by Pennsylvania Railroad are :— 


MINIMUM 
ILLUMINATION 
POSITION RECOMMENDED 
Lumens per square foot 
of area lighted 
Reception 
and Departure 
Groups 05 to .10 
Sorting Group al 1 240 
At retarders LY to AW 
Switching area 10 to .30 


It is reported that in recent installations 
the above American values are generally 
exceeded by 50 % to 100 % in accordance 
with the present day tendency to adopt a 
higher degree of illumination. 

At Willard and Cumberland yards (Bal- 
timore and Ohio Railroad) the values of 
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POSITION 


Approach to hump... . 

Top of hump 

At retarders 

Between apex and farthest 
clearance point 


Walking ways and frequented 
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MINIMUM ILLUMINATION PROVIDED 
(in foot candles) (1) AT GROUND LEVEL 


Generally 
adopted 
in British 
yards 


Provided during years 1930 to 1939 


Mottram 


Varies from 
at base of pole 
to .05 
between poles 


Varies as above 


Whitemoor 
(Up) 


Varies from 
1.10 

at base of pole 
to .05 

between poles 


Varies as above 


Whitemoor 
(Down) 


Varies from 
90 


at base of pole 
oll 
between poles 


As above 


areas between tracks in 
sorting sidings 


(4) Note : 


illumination provided between the apex 
and clearance points and throughout the 
sorting sidings are 2.00 to 3.00, and .30 to 
.40 ft. candles, respectively. At Pocatello 
yard (Union Pacific Railroad) the corre- 
sponding values are .50, and .10 to .20, res- 
pectively. Both these yards are primarily 
illuminated by floodlighting. 


No useful comparison can be made be- 
tween the values of illumination provided 
in the various yards as requirements may 
vary in each case, for example :— 


a) The amount of night work may not 
justify an elaborate lighting installation. 


b) Extent to which it is necessary to 
observe the speed of vehicles and the state 
of occupation of each track. 


c) Method of local illumination required 
for number taking and for vehicle examin- 
ation, methode of indicating destination of 
cut, etc. 


Thus the design of the lighting instal- 
lation should take into account the method 
of working the yard as well as the consider- 
ations mentioned in the opening remarks. 
In addition, it is difficult to compare a 
floodlighting installation with an_ instal- 
lation consisting of individual lights, hav- 
ing regard to varying climatic and _ site 
conditions. 


from 
.70 to .05 


from 
.40 to .05 


— Full moonlight at ground level is .03 foot-candles.) 


Types of lighting. 

In the majority of yards on British Rail- 
ways the lighting usually consists of in- 
dividual lights comprising 200 to 500 W 
tungsten filament lamps in enamelled iron 
dispersive reflectors, giving a cut-off of ap- 
proximately 20° below horizontal. The 
fittings are usually mounted on poles 25 to 
35 ft. above rail level and spaced to give 
the degree of illumination required at the 
location, due care being taken to ensure 
that there is sufficient clearance between 
the poles and the track to enable a man 
to pass with safety. 

A low mounting height minimises the 
effect of fog and additional lights as low 
as 10 ft. may be required in certain posi- 
tions. At Toton (Up and Down) yards, 
lights are provided near ground level at 
the retarders to reveal vehicles in silhouette 
to assist the brake operator during dense 
fog. 

At the time of the 1930 Congress, flood- 
lighting by means of horizontal projector 
lanterns with 500 to 1,000 W lamps mount- 
ed at 40 to 50 ft. was installed in some 
British yards. This form of lighting has 
not developed in Great Britain for the 
following reasons :— 


a) Fog is liable to occur in many dis- 
tricts. 
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b) Glare, shadows, and an uneven dis- 
tribution of light are caused. 


Floodlights are now reported only as 
being used where there is insufficient space 
for individual lighting points. For exam- 
ple, at Toton (Down) yard a pylon 100 ft. 
high carrying four 1,000 W_ floodlighting 
units is provided in order to cover part 
of the yard. At Hull (Inward) yard flood- 
lights with beams directed obliquely or 
downwards are used at the head of the 
sorting group. 

Experiments have recently been carried 
out by British Railways (Southern Region) 
with dispersive type lighting units provid- 
ing illumination in all directions below the 
horizontal and mounted 100 to 150 ft. 
above rail level. This method gave a good 
quality of lighting and a uniform general 
illumination at ground level, but experience 
has not yet been obtained with this method 
of lighting under varying site and climatic 
conditions. 

In 1946 consideration was given by 
British Railways (Eastern Region) to light- 
ing the whole of one yard in the London 
area by means of a few high units. Wooden 
poles, spaced 300 ft. apart and affording 
a mounting height of 50 ft., were each 
fitted with three prismatic diffusing globes 
carried on brackets at 120° spacing. Each 
globe contains a 400 W mercury vapour 
lamp, except that near signals, the same 
type of globe is equipped with a 750 W 
tungsten filament lamp, giving approxi- 
mately the same light output. Raising and 
lowering gear is provided to facilitate 
maintenance, and cables are run under- 
ground. It is reported that the general 
lighting effect, which is similar to full 
moonlight but of greater intensity, is satis- 
factory and that the average illumination 
at ground level is .25 ft. candles. 

In the U. S. A. the majority of retarder 
yards are equipped with floodlighting units 
supported by towers 80 to 110 ft. high. 
For example, at Willard yard, there are 
twelve 100 ft. towers fitted with 1,000 W 
units as follows :— two with 14 units each, 
three having 10, 9 and 8 units, two having 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


529/109 


6 units, and two having 4 units, and three 
having 7 units. At this yard, the flood- 
lights are operated from the control tower, 
or they can be controlled automatically by 
photo-electric devices on the towers. At 
Pocatello yard, five 100 ft. towers, fitted 
with nine or ten 1,500 W units, are pro- 
vided. 

The Pennsylvania Railroad do _ not 
adopt individual lights for the following 
reasons :— 


a) Lack of range. 

b) Lack of space between tracks. 

c) Higher cost of installation and main- 
tenance. 


In the U. S. A. it would appear that 
fogs are generally not so prevalent as in 
Great Britain. 

The reply received from the Indian Rail- 
way Board indicates that floodlight towers 
90 to 150 ft. high are used in some Indian 
yards, the units being of 1,000 to 1,500 W 
capacity. For installations with individual 
lights 300 to 500 W lamps in dispersive 
reflectors, spaced 150 to 200 ft. apart, are 
used. The value of illumination varies 
between .06 and 3.50 ft.-candles. 


H. — Buildings. 


In a retarder yard it is necessary to pro- 
vide certain buildings of a special character 
in addition to the accommodation required 
for normal yard staff. 

At British retarder yards there are usu- 
ally two such special buildings, namely a 
control tower near the retarders and a 
building near the hump. It is from these 
that control of humping operations is 
exercised, co-ordination being usually ef- 
fected by a yard inspector on each turn of 
duty who may be responsible to the yard- 
master or an assistant yardmaster for the 
whole of the working of the yard, or only 
for the supervision of operations at the 
incoming end and in connection with the 
hump shunting. A separate inspector or 
foreman may be held responsible for the 
outgoing end, including subsidiary shunt- 
ing or marshalling. The organisation is, 
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of course, arranged to suit different con- 
ditions. 

Accommodation for staff employed else- 
where than in special hump buildings and 
control towers is provided at convenient 
points, taking into account the desirability 
of ;— 


a) being adjacent to where their duties 
are performed; 


b) combining the various requirements 
into as few buildings as possible. 


The former reduces walking and other 
unproductive time to a minimum and the 
latter permits of more economical planning 
and construction of buildings, provision of 
central heating and messing facilities, etc. 
The buildings are usually constructed in 
brickwork, with flat roofs. 


Since the 1930 Congress, in yards where 
point operation is carried out from the 
hump, it has been necessary to develop the 
design of a hump building suitable for 
this purpose. The more recent control 
towers in British yards are of improved 
design, and are planned to accommodate 
hydraulic retarder machinery, electrical ap- 
paratus and maintenance staff in addition 
to the facilities required by the operators. 
Figs. 13 and 16 illustrate typical modern 
buildings at Toton (Down) and Hull (In- 
ward) yards respectively. 

Inthe Us S; cA. the desien= ot scontrol 
towers has been developed on modern lines 
and in some recent yards the design of the 
hump building is now more elaborate and 
provides accommodation for the hump 
yardmaster on an upper floor, so that he 
can overlook the reception group and 
switching area when using his loudspeaker 
and wireless communications. 


The yardmaster’s office in Great Britain 
is sited at a point convenient for general 
operating purposes, and having regard to 
liaison with other departments. As far as 
possible, all administrative and _ clerical 
work is concentrated in this office, and the 
principal messrooms, stores, etc., may be 
included in the same block. It is possible 
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lamps, etc., in the control tower, hump 
buildings, or in the groups of buildings 
at other positions in the yard. 


Fig. 15. — East S:. Louis Yard Alton and Southern 
R. R. U. S. A. — Communications tower for 
supervisor. 


In the U."S. A’, howevery the sveneral 
yardmaster’s office is generally connected 


by a pneumatic tube system to key points in . 


the yard, and by loudspeaker and wireless 
with the control towers, hump _ buildings, 
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engines, etc. In some recent yards it has 
therefore been advantageous to provide the 
yardmaster with a control room situated 
on an upper floor of the building and 
commanding a view over the whole yard. 

Another development has been the pro- 
vision of inspection pits from which the 
undersides of vehicles can be examined as 
they move towards the hump. These pits 
are equipped with special glazing, lighting, 


po Sees 
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bracketted dimensions in 


feet) :— 


figures give 


Ground floor (128 x 30). 


Mechanical fitters’ workshop and_ store 
(2030) 

Hydraulic machinery room (40 x 30). 

Air cooling plant (15 x 7). 

Shunters’ mess room (10 x 12). 


Fig. 16. — Hull (Inward) yard. — British Railways (N. E. Region). 


Control tower and railbrakes. 


and safety devices, and with two-way com- 
munication with the hump building and in 
some cases with vehicle repair staff. 


Control towers. 

Control towers at the recent British yards 
are similar in appearance and designed to 
provide accommodation for staff working 
at the retarders and in the switching area. 
For example, at Toton (Up) yard the 
control tower contains the following (the 


Mechanical and signal fitters’ mess room 
(CRSA) 

Electrical equipment room (40 x 15). 

Compressor plant for point machines 
(226 P)e 

Signal fitters’ workshop (18 x 15). 

Lavatory (3 x 6). 

Boiler room (gas fired) (6 x 10). 


First floor. 
Relay room (26 x 16). 


532/112 


Second floor. 


Control room (26 x 16). 
Lavatory, etc. (10 x 3). 


At Hull (Inward) and Toton (Down) 
yard the towers were designed to house the 
weight operated accumulator. 


In American retarder yards, the control 
towers are usually of brick construction 
and only house the point and brake oper- 
ator and the necessary control apparatus, 
with a lavatory and boiler room. ‘The site 
occupied varies from approximately 300 to 
400 sq. ft. When it is necessary to give 
an unobstructed view, the tower is generally 
supported on columns. 

In some American yards not equipped 
with retarders, towers 45 to 65 ft. high 
are provided for the use of the yardmaster 
or his assistants; these are of steel frame 
sheeted construction, and are used for 
directing yard operations by means of wire- 
less and loudspeaker communication sys- 
tems, — Fig. 15. 


Hump buildings. 


In the British retarder yards where point 
operation is controlled from a tower in 
the switching area, the hump cabin is only 
required as an office for the man in charge 
of humping operations, and shelter for 
outdoor staff. At Toton (Up and Down) 
yards, however, it is necessary that the 
buildings should be primarily designed to 
house the operating panel, and the prin- 
cipal requirements of the design are that 
the operator must be able to observe :— 


a) The chalked numbers on the vehicles 
indicating the siding for which they are to 
be routed, under all weather conditions 
and at night time. 


b) ‘The separation of the cuts at the apex 
and on the steep initial gradient. 


The main feature of the design is, there- 
fore, a large bay window of adequate pro- 
jection and length. The hump building 
is situated opposite the apex of the hump 
and the panel is positioned at an angle 
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of about 45 degrees in relation to the 
humping line and facing the reception 
lines. This has been found from experience 
to facilitate operation of buttons, switches, 
etc., whilst at the same time affording the 
operator uninterrupted vision throughout 


an area embracing the reception lines, re- — 


tarders and switching area. The hump 
building at Toton (Up) yard, for example, 
occupies a site 42 ft. by 38 ft. over-all and 
contains the following :— 


Control room 
(30 ito 101)? 


Inspector's office (10 ft. x 12 ft.). 
Shunters’ shelter (5 it) -07, ft.)- 
Relay room (20 ft. x 15 ft.). 


(excluding projection) 


Locker room with access to lavatory and 
boiler compartments (10 ft. x 15 ft.). 


The projection of the control room 
measures 10 ft. x 13 ft. long and the win- 
dow is 9 ft. from the nearest rail. 


Where route-setting together with trans- 
mission of « cut » information are initiated 
from the hump, the primary consideration 
in siting the hump building and in design- 
ing the operating room, is the position in 
relation to the hump from wich the oper- 
ator can best see the chalked numbers on 
the ends of approaching vehicles and the 
point of separation of cuts of varying 
lengths. 

When this position, with that of the 
operating panel, has been decided, an ade- 
quately glazed « bay » window facing the 
hump line can be planned to give the 
operator visibility through an arc of at 
least 180 degrees. The completion of the 
designing of the remainder of the oper- 
ating room and the rest of the building 
is a comparatively simple matter. 

As stated in the previous section, in some 
recent American retarder yards two-storey 
hump buildings provide accommodation 
for the hump yardmaster who then has a 
wide view over the yard, and can issue 
instructions to the staff in the area under 
his control by means of loudspeaker and 
wireless communication. 


eo on — — 
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GENERAL. 


We have made specific reference in this 
report to various sources of information 
outside the actual railway administrations 
in Great Britain and the U.S. A. To these, 
also to « The Railway Gazette » (England), 
several of whose published illustrations we 
have taken the liberty of including, and 
to « Modern Transport » (England), we 
express our thanks for information which 
has been of assistance to us in compiling 
our report. 


Or 


SUMMARY OF CONCLUSIONS. 


During the last twenty years there have 
been important developments in the 
methods adopted for the design and 
construction of marshalling yards. 

‘There is a growing tendency to replace 
manual effort by « mechanisation », 
particularly in the case of large yards. 


The opportunities for constructing new 
yards are frequently restricted due to 
physical considerations, but the pos- 
sibility of doing so by taking over the 
work performed by several smaller 
yards continues. 


There are many old yards which are 
inefficient by reason of their out-of- 
date design, but remodelling and mod- 
ernisation present difficulty due to 
economic and financial considerations. 


Greater attention is being paid to 
fundamental principles, also to detailed 
design and equipment, in order to 
increase efficiency and reduce con- 
struction, maintenance and operating 
costs. 


In all aspects of new design and con- 
struction, it is essential that there 
should be the fullest consultation and 
co-operation between the departments 
affected at all stages and at all levels. 


As the department responsible for 
« operations » is the one which nor- 
mally has to justify schemes intended 
to facilitate the efficient working of 
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traffic, it is desirable that the Operat- 
ing Department should advance the 
preparation of a scheme to the extent 
practicable before the Engineering 
Departments commence work on any 
plans or estimates. 


All aspects of yard operating perform- 
ance, together with study of develop- 
ments generally, also close contact with 
Engineering Departments, should be 
handled by experienced staff within 
the Operating Department who should 
specialise on this feature where not 
already done. 


Each instance of new construction or 
remodelling constitutes an individual 
economic operating and engineering 
problem. 

Double direction yards can be designed 
economically where a combined flow 
of traffic will be within the capacity 
of the yard. 


Any layout provided for brakevan 
movements, for release of train engines, 
for by-passing the hump, etc., should 
not unduly increase the distance 
through which trains are required to 
travel when moving slowly towards the 
apex for humping. 

Where a separate engine release line 
is incorporated the lead should be on 
the steep initial gradient of the hump, 
provided that train engines can nego- 
tiate the vertical curve at the apex. 


A separate track should be provided 
for the humping engine to return to 
the rear of trains, and for drawing 
shunts out of the sorting group. ‘This 
track should terminate in a dead end 
spur at the inlet end of the yard, and 
the layout at this point should be such 
that trains can be accepted into the 
reception group at all times. 


Two humping lines are not required 
in order to give continuity to shunting 
operations; the provision of cross-overs 
between two such lines increases the 
length of the layout between the re- 
ception lines and the hump. 
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It is not necessary to provide two 
humps, one for « Summer » and one 
for « Winter », in a retarder yard. 


Minimum spacing between tracks is 
generally adopted for the sorting group 
in order to give a compact layout at 
the head of the group and to obtain 
maximum capacity. Wider spacing is 
required adjacent to running lines, for 
vehicle repair tracks and where light- 
ing poles occur, etc. 

‘he use of < tandem » or « three- 
throw » leads may be justified at the 
head of the sorting group to give the 
most compact layout possible. 


The use of new permanent way ma- 
terial of main line standards is justified 
at the head of the sorting group, on 
the humping lines, and at other key 
points in the marshalling yard. 

A drainage system is required to cover 
the whole yard area. An adequate 
depth of ash ballast is essential, and 
where track circuiting occurs, special 
drainage and ballasting are necessary. 


By the use of modern mechanical 
plant, schemes involving heavy earth- 
works may not prove too costly. 


A completely gravitational yard may 
be economical in special cases provided 
that site conditions are favourable. If 
a large throughput is desired, it may 
be found that the gravitational system 
is too slow in operation and requires 
an excessive number of ground staff. 
No instance has been reported of re- 
tarders having been provided at such 
yards. 

A hump yard can be constructed on 
most normal sites where space is avail- 
able, and where there are few obstruc- 
tions which pre-determine the levels. 
The longitudinal profile is subject to 
definite requirements between the 
hump and the clearance points in the 
sorting group. The remainder of the 
profile, i.e. between the entrance to 
the yard and the hump, and between 
the clearance points and the exit from 
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the yard, can be adjusted within 


reasonable limits. 


It is desirable that the distance between 
the hump apex and the farthest clear- 
ance point in the sorting sidings should 
be kept to a minimum, consistent with 
the provision of suitable curvature and 
crossing work, in order to reduce the 
height of hump and to facilitate separ- 
ation of cuts. 


On the approach side of the apex the 
gradient should rise sufficiently to 
facilitate the uncoupling of vehicles. 


The vertical curvature at the hump 
apex should be designed to give quick 
separation of cuts, particularly at re- 
tarder yards, taking into consideration 
the working of engines and vehicles in 
general use over the hump. 


A short length of level track at the 
apex may reduce the number of types 
of engine and vehicles prohibited from 
working over a vertical curve of small 
radius. 

A steep initial gradient is required to 
accelerate vehicles quickly, and to en- 
sure proper separation having regard 
to their different running character- 
IStics. 

After this steep initial gradient and as 
far as the leaving end of the retarders, 
gradients are provided which will 
enable vehicles which may be stopped 
in the retarders, to gravitate into the 
switching area. 

Beyond the retarders non-accelerating 
gradients should be provided through 
the switching area and as far into the 
sorting sidings as necessary. 

The speed of humping is largely 
governed by the running of vehicles 
beyond the retarders and it is, there- 
fore necessary that the most suitable 
profile should be provided in the 
switching area. 

At the outgoing end of the sorting 
group, the sidings should be levelled 
out, or a rising gradient provided, to 
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prevent good running vehicles over- 
running the clearance points. 


No new basic principles for retarding 
vehicles have been introduced but 
developments in retarder design have 
taken place. The hydraulic type is in 
use in Great Britain and India. In 
the U. S. A. the electro-pneumatic and 
all-electric types are installed. 


Hydraulic retarders in recent yards are 
placed on specially designed inspection 
pits connected by a subway in order 
to facilitate maintenance. An electro- 
pneumatic retarder has been developed 
having the working parts above ballast 
level. 


There is a tendency towards the exten- 
sion of automatic control of point 
movement at hump yards with or with- 
out retarders. ‘The systems are either 
fully or semi-automatic, i.e. the route 
being set throughout, or only to a 
partial extent, point movement being 
controlled by track circuit. 


The control of fully and semi-auto- 
matic point movement should be ef- 
fected from a tower located to one side 
of the switching area, or from a 
specially designed hump building, — 
non-automatic points being operated 
by switch operation in the tower. For 
both systems, provision should be made 
for non-automatic working of all 
points from the tower. 

Storage of point movements for the 
various cuts is not carried out before 
humping commences, in the case of 
some recent installations. When fully 
or semi-automatic point control is ef- 
fected from the hump building, « stor- 
age » for about eight cuts is provided 
and the appropriate route buttons are 
depressed as vehicles pass the apex. A 
system of progression relays continues 
the control of point movements for 
cuts already in the track circuited 
switching area. 

Advance preparation of « cut > lists 
is not necessary at yards where fully 
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and semi-automatic point operation is 
carried out from a hump _ building, 
provided facilities are available for the 
operator to observe the chalked siding 
number on the leading end of an 
approaching cut, and for transmitting 
the siding number and cut particulars 
to the point and brake operators in the 
control tower. 


Transmission of siding and cut num- 
bers in two recent installations is ef- 
fected after both the route and cut 
buttons in the hump building are de- 
pressed, and this information is printed 
on bands of paper at the operators’ 
positions in the towers as the cuts pass 
over the hump. 


« Cut » lists are used where point 
operation is carried out from control 
towers adjacent to the switching areas. 
In some British yards pneumatic tubes 
are used to transmit them from the 
hump to the tower before humping 
commences. In American yards, train- 
men’s lists are generally conveyed by 
pneumatic tube from the yard inlet 
to the yardmaster’s office, where « cut » 
lists are prepared, and transmitted to 
the towers and hump by teleprinter 
or pneumatic tube. If train lists are 
sent ahead by teleprinter, reperforating 
tapes may be used to repeat « cut >» 
information to key points in the yard. 


Humping signals, giving at least three 
aspects i.e. « stop », <« hump slow », 


and « hump normal » or « hump 
fast », are usually provided. ‘The 
signals may be of the semaphore, 


colour-light, or position-light type, re- 
peated as necessary according to local 
conditions. In a recent installation, 
the reception group was designed with 
space between alternate tracks for 
lunar-white three-aspect position-light 
humping signals in series, with appli- 
cability indication, thereby giving the 
engine driver uninterrupted vision at 
all times during a humping movement 
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of the signal and aspect he is required 
to observe. 


There have been extensive develop- 
ments of one-way and two way loud 
speaker communication between <« key » 
points. Talk-back systems are used in 
some instances to enable ground staff 
to send messages without speaking close 
to a microphone. For the purpose of 
attracting attention of individual mem- 
bers of the ground staff, or for the 
issue of general instructions, « paging » 
systems have been developed. 


Wireless communication is extensively 
used particularly for controlling the 
movements of shunting engines in the 
[We eh est 


Yard lighting continues to receive at- 
tention and the tendency is to provide 
illumination of greater intensity and 
improved quality. 

Special buildings are provided at re- 
tarder yards for accommodating point 
and brake operators and, having regard 
to the concentrated nature of their 
work, the siting and designing requires 
careful consideration in order to ensure 
that their position is the most suitable 
to enable them to carry out their duties 
in the most efficient manner. 


Towers of various forms of construc- 
tion are provided, usually at the outer 
side of the railbrake and point area, 
and of sufficient elevation to ensure 
an adequate range of visibility. 


A suitable building is necessary in the 
vicinity of the hump and if route- 
setting combined with transmission of 
cut information is performed from the 
hump, a specially designed bay window 
is incorporated. 


Greater attention is now paid to com- 
bining other staff accommodation into 
blocks so as to facilitate construction, 
maintenance, provision of central heat- 
ing and staff amenities, 


The location of accommodation for the 
yardmaster and supervisory staff gener- 
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ally is important. At some recent 
U. S. A. yards, one or other of the 
buildings has an upper storey, equipped 
with communications, in order that 
supervisors can overlook areas under 
their control. In some non-retarder 
yards in the U. S. A., towers 45 to 
65 ft. high have been constructed in 
a commanding position, and similarly 
equipped, for the sole use of super- 
visors. 


SUPPLEMENTARY. 


Since this Report was compiled, inform- 
ation has been received from the South 
African Railways and Harbours administra- 
tion. 


At Prospect (Johannesburg) a double 
direction type yard with one hump is being 
constructed to replace a number of smaller 
yards. The following groups of sidings 
will be provided, for an estimated through- 
put of 2,000 to 2,300 vehicles per day :— 


Reception: 9 sidings (4 west, 5 east) 


with six additional for serving the mar- 
shalling eroup; 
Sorting : 32 sidings in 4 fans; 
Departure : 8 
4 westbound) ; 


sidings (4 eastbound, 


Marshalling : 16 sidings. 

The marshalling group is situated to the 
north of and between the reception and 
sorting groups, and is fed with vehicles 
drawn from the outgoing end of the 
northernmost fan of the sorting group. 


Five electro-pneumatic retarders are be- 
ing provided, one before the « king » 
points at the lower end of the steep initial 
gradient, and one for each fan of sorting 
sidings between the « queen » and <« jack » 
points. A control tower is sited to one 
side of the switching area near the 
« queen » points. 


The profile is similar to those adopted 
in British yards i.e., 1 in 18 initial gradient 
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followed by 1 in 60 as far as the leaving 
end of the retarders. Beyond the retarders 
the gradient is 1 in 200 for 600 ft. into the 
sorting group. On the approach side of 
the apex, there is a rising gradient of 1 
in 69 connected by a vertical curve 132 ft. 
terion 1,900 tt radius)) to the lim 18 
gradient. 

The following further details have been 
reported :— 

Gauge: 3’ 67; 


Width of goods vehicles: 8’ 3”; 
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Space between tracks (normal) : 13’ 0” 
centres; 
Space between tracks (where electrifi- 


cation masts) : 14’ 0” centres; 


Minimum radius of track curvature: 
500 ft.; 

Grossings= tin 9, or) Line 12; 

Rail: 80-lb per yard. 


The yard is located to one side of the 
two main lines, and a bridge carries the 
East arrival line over the West departure 
line. 


APPENDIX «A» 


Response to questionnaire. 


No 
ADMINISTRATION 


20. 


Argentine 

Burma s 

Byevall, JESh. 4 ee 
» Rio Grande . 

China . 

Costa Rica. 

Egypt, Etat Seer. 
» Delta Light . 


U, S. A., Bessemer and LE. 


Delaware and H. 
Long Island 
Pennsylvania . 

Great Britain, British Railways 

» London Transport 

East African . Fee (hie oh 

Nigerian ‘ 

South African 

Sudan . 

Ceylon 

India 

teh 185 dol the. Nizam’s 

Malayan ; 

Victorian : 

New Zealand. 

Traq 

Tran 


received up 


Reply received 
reply 


No large 
or modern 

yards or 
not affected 


Detailed 
reply 
received 


to 
1.50 


to undertake 
compilation 
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Large yards const 


COUNTRY 


MARSHALLING YARD 


Whitemoor 
Up 
Whitemoor 
Down 

Hull 
Inward 
Mottram 
Toton 


Up 


Peak — 24 hour period : 


. Number of vehicles received 
. Number of trains received and shunted. 69 52 56 69 60 
. Maximum rate of reception of trains i. e. 

number of trains arriving during a peak 

period of say four hours. . . 18 14 14 16 12 
4. Total number of trains despatched after 

shunting : 

(a) rough (unmarshalled) .. . = _ 63 aN, 60 

(b) in marshalled order of destination or 

direction .. — -- 

. Number of trains despatched from sep- 

arate departure group (if one exists). . — f. 
6. Number of trains stopping at yard to 
attach or detach vehicles ...... —- — 


Whe 
(vs) 

CO 

n 

oOo 

ips) 

S 

i) 

1 

‘n 

oOo 

bo 

~ 

WN 

Oo 

Lo 

g 

en retest 


‘n 


Average — 24 hour period : 
1. Number of vehicles received hie 2 950 2 550 2 300 2 200 3 000 - 
2. Number of trains received and shunted . Se) 45 51 58 DS: 
3. (See 3 above). 
4. Total number of trains despatched after | 

shunting : 

(a) rough (unmarshalled) .. . 38 = 53 56 54 

(b) in marshalled order of destination or 

direction .. 16 — — — — 

5. Number of trains despatched from sep- 

arate departure group (if one exists). . 3 — 9 —_ — 


6. Number of trains stopping at yard to 
attach or detach vehicles 


(4) Other yards have been constructed or modernised during the last twenty years 


shave particularly in Ameri 
but corresponding information in respect of these is not available. 
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ised during last twenty years 


TAIN INDIA U.S.A. () 
o o 5 
ra og E = 
S| oe = =I = ° - 
Se ee aes aoe bee a lee 
Es 5 é s a | a¢ | 38 3 ae 
a a5 5 § c= Ss oa, 26 ea § 26 
ae Ae O Z 2/3) fal Om = cape 
0 1 250 1 600 1 300 1 500 1 600 | 1 500 2 100 900 4 400 
16 31 32 26 Bhi a) | 24 =| 41 — 59 
(3 370 cars 
8 6 Fi 10 10 ii 7 12 12 over hump) 
8 = — 20 27 == a = = 
53 
3 23 31 6 10 28 26 4] = 
— — all all all all = — = 
3 2 | 7 a = = ea 25 = a 
0 1 150 1 450 950 1000 | 1 300 1 025 1 750 850 3 250 
3 30 30 Dp, 25 23) 18 35 30 53 
| (3 050 cars 
over hump) 
8 = =e 17 U7 — — — — 
48 
2 Dil 30 5 10 Dy | 17 35 20 
= — all all — — a — = 
» 2 6 — = = | — = = = 
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Selected large yards cor 


COUNTRY 
MARSHALLING YARD Whitemoor | Whitemoor H 
Up Down Inv 
Year opened or remodelled ....-.-.-+-+-+-+-: > 1 929 10933 1 
Reception group : | 
INGO? OM GMM 5p 5 0 6 bo 8 SO, oe re ae ae er 10 | 10 ) 
(Caperctigy (ONES) 2 2 5 oo oo YH oo od oO hone 860 640 
Sorting group : 
Ihureloee ©? SIMS . 5 6 6 6 oh op OO OE es) ee 40 41 
(Caypeciay @en@eS) » «6 so 0 9 oH 4 0 < SY et ee 3 760 3 940 2} 
Departure group : 
INjumalese GF GAMES 5 5 6 6 oo 5 oe ara ap he relent < lil Nil q 
(Cayonwtiy (Rams) 2 5 6 «oo Se ee a SK ee 980 Nil ] 
Sorting group : | 
Distance — hump apex. to clearance (feet) : 
ongest= 0 ee mer) Cece ee 4 Gia 800 975 
Shontest swete omen sme 5S geese eee er 665 750 
Distance between track centres (feet and inches) : 
INOTTHaL ike us coe Bene co) ORE: ere a he e 4 PX) a 1) 
\ivikde, Tiedotmays OES, GI, 5 a es oo eo BD ov OE L6R2F Gy 1] 
Distance hump apex. to « King » switches (feet) ....... 114 100 
Radius of curvature — minimum (feet) Pk 2 as a 330 396 
Revelins OF iwi wenueall eae CeS)). 5 oo 5 oo oo $28 528 
Gradient (average) hump to farthest clearance : | 
per cent . ey eer ea east EP Wn drt 8, 05- 73 1.80 1.61 
UA S ee Coe hemp Ne Er eit Come | onrercmcsewhy her” Golicee Of uni 6 55 62 | 
Gradient (initial) from hump : | 
Per Centea 6 6 Ges as G Wee NUD, Ror Re RTO Oe ee Sos) 5.88 | 
{SiON fel coun or Con (Dare PTE eM Wo io br ht ge 18 7/ 
Retarders : 
Locationswe messes fame ae En cilid ool oe co wae ee 4 D) 
Ageresatemensti (fcet) mmm mtn Ae ee 300 150 
leostatere (EGNESN) Gg 5 o Go 6 a 6 oe 6 ps, sh eT Oe Eee Queen King q 
and jack and queen ary 
switches switches sv 
TV pea ee ots tee Pee ee Py CA ats hn tk 4! oo Hydraulic Hydraulic Hy 
Pt ee eee 


Note (1) Average over-all lengths of normal British, Indian and U.S.A. vehicles are 21 feet, 25 feet and | 


45 feet respectively. | 
(2) Vehicle capacities given above do not take in account engines and brakevans. | 
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GREAT BRITAIN INDIA U.S. A. 
Severn Severn Enol 
ram Toton Toton Banbury Tunnel Tunnel Naihati ee 
Up Down JeMDown Westbound 
5 1949/50 1939 1931 1939 
8 10 3 6 
10 830 210 410 220 
10 37 34 17 
0 2 830 2 420 1 220 1 170 
l Nil Nil Nil Nil 
1 Nil Nil Nil Nil 
) 910 835 560 Ladder 1 680 
np 750 630 340 track 420 — 880 
DE 11’ DE bik’ oH ile¥ Oe 12! oy | ike De p= 14 6” 
pi GY 8” = 16’ gy" 16’ 8¥," 16’ 8¥," Dates ral 
120 124 58) 105 45 — 250 
2 462 462 528 528 528 — 470 
660 660 — — — — 2 110 
LBS 1.85 1.10 — 1.47 — 1.31 
74 54 91 = 68 — 76 
5.00 5.55 — — = — 3.93 
20 18 — — = = 25 
ie 4 4 Nil Nil Nil 2 10 
248 248 — — = = 808 
Queen Queen — — — King Before K.Q. 
and jack and jack and queen and J. 
switches switches | switches switches 
Hydraulic Hydraulic — | —- — Hydraulic Electro- 
pneumatic. 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


15th. SESSION (ROME, 1950). 


QUESTION VI. 


Comparative study of the different types of transmission 
between motors and axles of electric locomotives, electric 
motor coaches and Diesel-electric railcars. — Effect on the 
track of the types of bogies and systems of motor suspension. 


REPORT 


(America (North and South), Burma, China, Egypt, Great Britain and North Ireland, Dominions, 
Protectorates and Colonies, India, Iran, Iraq, Malay States and Pakistan ) 5 
by W.S. Grarr-Baxer, B. Sc., 


Chief Mechanical Engineer (Railways), London Transport Executive. 


Replies to the questionnaire have been 
received from : 
London Transport Executive. 
British Railways Executive 
Southern Region, 
Midland Region. 
Eastern Region (Sections « A» and « B » 
only). 
Victorian Government Railways. 
Pennsylvania Railroad. 
These replies cover the following types 
and numbers of vehicles : 


1. Electric locomotives . 234 
2. Diesel-electric locomotives 365 
3. Multiple unit electric motor 

CES: cus Beek GS Morseds 3336 
4. Multiple unit diesel-electric 

AOU CME 2 6 ¢ 4 o » & 4 4 i 
5. Diesel-electric rail cars. . . . 33 
6. Diesel-electric shunting  loco- 

motives 498 

seo 


17 


1. Electric locomotives. 


The use of electric locomotives is confined 
to the Pennsylvania Railroad and _ three 
locomotives on the Southern Region of 
British Railways. ‘The majority of drives are 
by frame-mounted motors with a resilient 
quill drive, but the future trend of ideas 
is towards axle-hung motors on the score 
of simplification and reduced capital cost. 

In order to improve the riding properties 
of the bogies, the Pennsylvania Railroad 
use swing bogie bolsters which are restrained 
by links which are inclined at an angle of 
1 in 8. 44 of these locomotives have bogies 
which are coupled in the lateral plane but 
otherwise there is no corrective equipment 
to stabilise or improve the riding of the 
bogie. 


2. Diesel-electric locomotives. 


The answers for Diesel-electric locomo- 
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tives are confined to the Pennsylvania 
Railroad. The drive is by non-resilient 


straight spur gears from axle-hung traction 
motors. No change from this type of drive 
is anticipated as it is considered to be satis- 
factory from the point of view of riding, 
and simple and cheap in first cost. 


The bogies have swing bolsters which 
are restrained by links inclined at an angle 
of 1 in 8 and on 12 locomotives the bogies 
are coupled in the lateral plane; otherwise 
there is no corrective equipment to improve 
the stability or riding of the bogie. 


3. Multiple unit electric motor cars. 


Multiple unit electric motor cars are in use 
on all the administrations considered, with 
the exception of the Ceylon Government 
Railways. 


Axle-hung motors are in universal use 
and, with one exception, they have a non- 
resilient gear and pinion drive. The excep- 
tion is the Pennsylvania Railroad, which 
uses a resilient gear and pinion drive, the 
resilience being obtained by the use of 
springs. 


There is no likelihood of departure from 
this type of drive for rolling stock in the 
immediate future, on account of its simpli- 
city, low capital cost and satisfactory riding 
properties. 


All the bogies used have swing bolsters 
restrained by inclined links, the angle of 
which varies between | in 6 and | in 8; 
otherwise there are no devices to improve 
or stabilise the riding of the bogie. 


4. Multiple unit Diesel-electric motor 
cars, and 


5. Diesel-electric rail cars. 


These vehicles are in use on the Penn- 
sylvania Railroad and the Ceylon Govern- 
ment Railways. Only axle-hung motors 
with a non-resilient gear and pinion drive 
are used and there is no intention of depart- 
ing from this arrangement in the future. 
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The bogies have swing bolsters restrained 
by links which are inclined at an angle of 
1 in 8. No other devices are used to stabilise 
or improve the riding of the bogie. 


6. Diesel-electric shunting locomotives. — 


Answers to this section of the question- 
naire were given only by the Pennsylvania 
Railroad. 


Axle-hung motors, with non-resilient gear 
and pinion drive, are used and it is intended 
to continue their use in future designs. 


No stabilising devices are used, the bogie 
bolster being cast as an integral part of the 
bogie frame. 


General. 
There is little information — either 
observed or theoretical — regarding the 


effect on the track of the types of bogies 
and systems of motor suspension in use. 
Tests have been carried out on British 
Railways (Southern Region) to measure 
the dynamic loads at rail joints and on the 
Pennsylvania Railroad to measure the lateral 
forces on the rail but, in both cases, the 
results were restricted and could not be 
applied in a general form. 


Conclusions. 


Among the railways who replied to this 
questionnaire, there was universal agree- 
ment that the most satisfactory drive is by 
the nose-suspended axle-hung traction motor 
for speeds up to at least 120 km/h., on 
account of its simplicity, low capital cost 
and satisfactory riding properties. 


The experience of the LondonTransport 
Executive has been that, by fitting one 
traction motor only in each bogie and so 
reducing the masses which cause lateral 
forces, the riding has been improved. In 
addition, the wear on the track, the severity 


of which is well-known for electric stock | 


with two motors per bogie, is considerably 
reduced. 


RK 
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QUESTION 6. 
Replies to the Questionnaire. 
A. — GENERAL. 


2. Particulars of the gradients, curves and length of the lines over which the vehicles under consid: 


nT 


ADMINISTRATION » | 
Electric locomotives Diesel electric lo« 


London Transport Maximum gradient. 
Executive Minimum curvature. 
Longest run. 
Total route mileage. 


: 
| 
' 
British Railways Maximum gradient. 1 in 44 | 
(Southern Region) Minimum curvature. 100 m 
Longest run. — 
Total route mileage. — | 
| | 
British Railways Maximum gradient. | 
(Eastern Region) Minimum curvature. 
Longest run. | 
Total route mileage. | 
Ceylon Government Maximum gradient. | 
Railways Minimum curvature. 
Longest run. H 
Total route mileage. | 
; | | 
Pennsylvania Railroad Maximum gradient. 1 in 74 1 in 
Minimum curvature. 140 m 140 m 
Longest run. 495 km 1853 km 
Total route mileage. — 3 
British Railways Maximum gradient. | 
(London Midland Region) | Minimum curvature. 


Longest run. 
Total route mileage. 


Victorian Maximum gradient. 
Government Railways Minimum curvature. 
Longest run. | 

Total route mileage. 


AprRIL 1950 
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iple unit electric 
motor cars 


1 in 29 
68 m 
49 km 

230 km 


Multiple unit Diesel 
electric motor-cars 


Diesel electric rail cars 


Diesel electric shunters 


547/5 


5948/6 
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3. Loads and speeds in service for the various lines and different types of trains. 
4. Gauge of the line. 
5. In what year did you commence to put into regular service the vehicles concerned? 


ADMINISTRATION 


Electric locomotives 


Diesel electric locor 


London Transport Maxim. load Tube 
Executive Maxim. speed stock. 
Maxim. load | Surface | | 
Maxim. speed J} stock. | 
Gauge of line. | 
British Railways Maxim. load Paes 430 000 kg 
(Southern Region) Maxim. speed Lope 106 km/h 
Maxim. load See, 1016000 kg | 
Maxim. speed a $6 km/h : 
Gauge of line. 1 4235 mm 
British Railways Maximum load. | 
(Eastern Region) Maximum speed. 
Gauge of line. 
| | 
Ceylon Government Maximum load. 
Railways Maximum speed. 
Gauge of line. ! 
| 
Pennsylvania Railroad Maxim. load |  Paggs- 2 540 000 kg Units 1 500, 2 0 
Maxim. speed { — enger, 129 km/h 122 km/h (30 
Maxim. load | Freight 54700 000 kg Units 1500, 2G 
Maxim. speed | : 81 km/h 82 km/h GO 
Gauge of line. 1435 mm 1 435 


British Railways 
(London Midland Region) 


Maximum load. 
Maximum speed. 
Gauge of line. 


Victorian 
Government Railways 


Maximum load 
Maximum speed 
Gauge of line. 


| 
| 
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Itiple unit electric 
motor cars 


234 000 kg 
89 km/h 
356 000 kg 
97 km/h 
1435 mm 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


166 505 kg 
88.5 km/h 


1435 mm 


1435 mm 


66 km/h 
1674 mm 


66 km/h 


1674 mm 


105 km/h 


1435 mm 


97 km/h 


1435 mm 


Up to 81 km/h 


1435 mm 


600 kg (5-car train) 
121 km/h 
1435 mm 


00 kg (7-car train) 
84 km/h 
1600 mm 


550/8 
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6. Principal characteristics of the vehicles considered. 


QUESTION 


. Car builders 


Electrical equipment . 


. Designation 


. Axle arrangement . 


Pe Dateminmsehviceme 
. Number in service 1949 . 


. Total weight 

. Total adhesive weight . 

. Total weight of mechanical parts . 

. Total weight of electrical equipment. 
. Diameter of new motor wheels 

. Diameter of non-motored wheels . 

. Type of axle bearing 

. Wheel balance 


. Type of brake 


. Brake leverage 


. Braking of non-motored axles. . 


- Number of brake blocks per wheel . 


London Transport Executive 


AprIL 1950 


Tube stock 


Birmingham Carriage 
and Wagon Co. Ltd. 
Metropolitan-Cammell 
Carriage and Wagon 
ComEd? 


Crompton Parkinson Ltd. | 


General Electric Co. 
British Thomson-Houston 
€o, Ltd: 


1938 tube stock 


SIN se N= Il 
1938 


1 116 


27 840 kg 
16 222 kg 
23 880 kg 
3 960 kg 
78.6 cm 
78.6 cm 
Roller 
None 


E. P. with retardation 
control, superimposed 


on automatic Westing- 


house. 


Motor axle 6.78 : 1 
Idle axle Ss 1 
ies 


2 non-metallic 


E. P. combined w: 


Surface stocl 


Gloucester Rail 
Carriage and W 
Co: Etdy | 
Birmingham Caz 
and Wagon Co. 
Metropolitan Vi 
Electrical Co. | 
General Electric 


«O»and «P»¢ 
stock 


| 
A= 1 = ie 


{ 
« O » stock 1 
« P » stock : 


« O » stock 1 
« P » stock 7 
| 


38 000 kg 


} 
i 


22 740 kg| 


27 420 kg | 


8 580 kg (incl. me| 


91.5 cm | 


91.5 cm 
Roller 

None 
adyne regenerat) 
retardation conti 


erimposed on aul 
Westinghouse. 


Motor axle 6.8% 
Idle axle 7.64: 


Wiles 


2 non-metal | 
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British Railways — Southern Region British Railways — Eastern Region 


ple unit electric Electric locomotives Tyneside stock \Liverpool St Shenfield stock 
motor cars | 
athern region, Southern region, Metropolitan-Cammell | Metropolitan-Cammell 
itish railways British railways Carriage and Wagon | Carriage and Wagon 
ComEd: Comitde 
: 
ish Electric Co. English Electric Co. = | = 
opolitan Vickers | 
‘trical Co. Ltd. 
le Unit Suburban | Mixed traffic electric — | = 
stock | locomotive | 
Bo — 2 | Co = Co See drawing | Bo — Bo 
| 
WINS 1941 1937 1949 
OVS 3 64 92 
142 247 kg | 101 600 kg 56 261 kg | 51 700 kg 
55 472 kg 101 600 kg 24 384 kg 51 700 kg 
106 815 kg | ~ 55000 kg 48 082 kg | 40 600 kg 
35 432 kg | 46 600 kg 7270 kg | 11 100 kg 
109.2 cm 109.2 cm 109.2 cm | 109.2 cm 
109.2 cm None 109.2 cm | None 
Vhite metal White metal White metal | White metal 
Both None Both = 
atic Westinghouse | Automatic Westinghouse Westinghouse E. P. Westinghouse E. P. 
| with self-lapping 
| | control 
| 
| 
5:1 | ei 68:1 | = 
Yes | No idle axles Yes | No idle axles 
D} | 2 : D 2 


28. 


29. 
30. 
Sule 


3p 


55 


34, 


315), 


36. 


Sie 
io, 


. | h./HP at motor shaft per motor . 


6. Principal characteristics of the 


QUESTION 


1 h./HP at wheel treads per motor wheel . 


. Continuous HP at motor shaft per motor. . 

. Continuous HP at wheel tread per motor wheel 
. Maximum axle load. . 

. Coefficient of utilisation of adhesive weight . . 


. Adhesive weight at wheel rim per HP at con- 


tinuous rating 


. One hour tractive effort at wheel tread per motor 


. Continuous tractive effort at wheel tread per 


motor 


Maximum tractive effort at wheel tread per 
motor See 


Variation in drawbar pull 
Current supply 


Number of traction motors. 
Type of motor 

Maximum yoltage per armature. 
Motor connections. 

Speed at one hour rating 

Speed at continuous rating 
Maximum test speed 


Arrangement of motors 


QUESTION 7. 


Publications in which vehicles are described . 


vehicles considered (continued). 


London Transport Executive 


Tube stock 


168 HP 
(BSS. 173/1928) 


164 HP 
122 HP 
120 HP 
11075 kg 


.43 (7-car train) 


63 kg/HP 
1285 kg 


835 kg 


1930 kg (Transition) 


i} 
| 


Surface stos 


152 HP 
(BSS 173/19 


148 HP. 
125 HP 
122 HP! 
15.035 kg 


| 
.43 (7-car tr 


j 


78, kg/HY 


1 310 ke 


j 
875 kg 


Not applicable to multiple unit sto 


Dae 


2 per motor car 


IDG senics 


Ventilated (BSS 173/1928) 


650 V 


Series — parallel] 


35 km/h. 
39.5 km/h. 
96.7 km/h. 


Axle hung 


« Railway Gazette » 


Ue Tosks 


| 
| 
} 


| 
| 
| 
| 


1 930 kd 
| 


D.-G@ 

2 per motor 
4 per meta 
Da Gase 
Ventilat 


| 
700 V m | 
800 V Tee 


2 pairs of m1 
in parallel co 
across met 


31 km/h, 
38.4 km/ll 


96.7 km/Ei 
Axle hut 


« Railway Ga 
Electric Tra 
Supplement | 


British Railways — Southern Region 


British Railways — Eastern Region 


le unit electric 
notor cars 


280 HP 


250 HP 
enclosed motors 
enclosed motors 


3 868 kg 


1769 kg 


3107 kg 
licable to multiple 
Init stock 

D). C. 


per motor 
coach 


mG Series 
660 V 


ss — parallel 


3.5 km/h. 


27 km/h. 


\xle hung 


way Gazette » 
11.10.46 

tm Transport »» 
7.9.46 


{ 
| 
| 
| 
| 
| 
| 
| 


Electric locomotives 


245 HP 


216 HP 
77 Isle 
158 HP 


18 420 kg 


104 kg/HP 


1 470 kg 
842 kg 


3 390 kg 
Not known 
IB (C; 
6 


Di Ge sentes 
400 V 


Two groups of 3 
in series 
46 km/h. 
57 km/h. 
120 km/h. 


Axle hung 


« Railway Gazette » 


« Modern Transport »» 


Tyneside stock 


222) iP 


216 HP 
(1S) Jane 
154 HP 


12 300 kg 


80 kg/HP 
1 284 kg 


721 kg 


1 680 kg 


Not applicable to multiple unit stock 


iD. C: 


2 per motor car 


D: G@, series 


630 V 


Series — parallel 


44.9 km/h. 


57.4 km/h. 


124 km/h. 


Axle hung 


« Railway Gazette » 
October 1939 


Liverpool st. — 
Shenfield Stock 


214 HP 


210 HP 
162 HP 
1S7SEle 


12925 kg 


81.5 kg/HP 


1070 kg 


650 kg 


2 242 kg 


iD), C, 


4 per car 


ID. (C, Sanes 


750 V 


2 pairs in permanent series 
Series — parallel 
55.1 km/h. 

68 km/h. 

124 km/h. 


Axle hung 


« Railway Gazette » 
« The Engineer » 
October 1949 
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. Coefficient of utilisation of adhesive weight ‘ 

. Adhesive weight at wheel rim per HP at continuous rating : = 
. One hour tractive effort at wheel tread per motor . eine — 
. Continuous tractive effort at wheel tread per motor. ... . = 
. Maximum tractive effort at wheel tread per motor .... . a 
. Variation in drawbar pull 


5, Cuinmeintt Suyyhy 5 - . - eee aaa Oe. Ray ah Dae 

. Number of traction motors _ ae mene eae) eee Oe 2 per motor bogie 
. Type of motor cree! a elas gi a eke ee — 

. Maximum voltage per armature — saat GaP ek te ane eee 360 V 

PINs Roqtonnrereyabateteitorans’ “NS8 5 G1 no 6 6 «8 oo oc 6 6 ao be Series — parallel 


. Speed at one hour rating 

. Speed at continuous rating . eo Ree aed eee te = 
. Maximum test speed .. . Bg th eve tes ec, Sear, OL A 96.4 km/h. 
. Arrangement of motors. 


6. Principal characteristics of the vehicles considered (Continued). 


Ceylon Governi 


QUESTION Multiple unit Diesel — 


Electric motor cars 


WCaiy DuUiGeis Ve tee oe a ee ee eee ee — 


IBISCGRICAl GERM, 5 6 6 5 oo 8 Go oh be eo English Electric Co. Ltd. 
Pesionati On ier Qectas. coe ee ee ee ee eee «§S. 1 » class 
Axle arrangement es faye 8 2 ee ee ee tee See drawings 
Date in service . . et eS Teor eat ot ot Io Ghar cs ee 1947 
Number in service 1949 SAE ARES cy ha ie Ree te eae 12 cars 
Total weight. . . v0 tite eek Os eee Soe one ‘ = 
Total adhesive weight ede hak Sees Bie sd she 26 168 kg 


Total weight of mechanical parts Se, ig tel ee ae git Sor 8 Vee — 


Total weight of electrical equipment bee ee — 
Digna OF mew moor Wine 2 5 5 6 5 5 on ee 86.3 cm | 
» Denier ON MOMMOWONG WINES . 2 6 1 5 kt ek 86.3 cm | 
Sly PonOk, axlex bea rity Caen meen ert ae ae ee en Roller | 
mWheeltbalance’ 2h. i Sc, cate ye oe ee ae aoe Statically | 
+ Ty per Ol Drake wi minnc, te eae «eee ee ee ee Vacuum 

Brake leverage . ee iceG SMSO ag Cakes sere = 
. Braking of non- motored axles. Oe ee Rae od Ne ees POU Yes 
- INitinaloeir Oi lomlke InOOkS jer wines 2 ge 6 en oo oe ke le D 
. One hour HP at motor shaft per motor .. A ate oe emt 80 HP 
. One hour HP at wheel treads per motor wheel. Saas — 
5 COMMIMLOUS ISIP Ele ior SheNie (oer mae 5. 5 3 se so 62 HP 
. Continuous HP at wheel tread per motor wheel anaes = 
. Maximum axle load . . . Ne) Soe Sar a? 10 500 kg 


Axle hung 


QUESTION 7. 


Publications in which vehicles are described « Railway Gazette » | 
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ways British Railways (Midland region) 


Victorian Government Railways 


yesel electric rail cars Multiple unit electric motor cars Multiple unit electric motor cars 


———LKL 


= Midland Region, British Railways 
iglish Electric Co. Ltd. English Electric Co. Ltd. 
le > class == 


Victorian Government Railways 
General Electric Co. N. Y. 
«M » class 


See drawings 


See drawings 


1938 1939 1919 
23 cars 59 403 
SMI On ke: 42 600 kg 51 390 kg 
a 42 600 kg 51 390 kg 
a 30 000 kg 35 780 kg 
== 12 600 kg 15 610 kg 
86.3 cm 91.4 cm 106.8 cm 
86.3 cm None None 
Roller Tapered roller White metal 
Statically Statically None 
Vacuum Self lapping E. P. Westinghouse Automatic Westinghouse 
— Ayal OD 2 Il 
WES — a= 
Dp 2 a 
2 Veale 235) EP 146.6 HP 
_— 209 HP 140 HP 
Ty Vale 184 HP 91 HP 
= 164 HP 86 HP 
10 500 kg 13 7a) ge 13 270 kg 
== 75 kg/HP 59.7 kg/HP 
= 945 kg 1000 kg 
— 620 kg 454 kg 
= 1 860 kg 1540 kg 
== Not applicable to multiple unit trains 
ECs Ge iD), (Ce 
De penricar 4 per car 4 per car 
= ID aG@aasenies DP Gasenies 
360 V 580 V 750 V 
Series — parallel Series — parallel 2 pairs in permanent series 
Series — parallel 
a= 67.6 km/h. 38.6 km/h. 
= 79.7 km/h. 50.6 km/h. 
88.4 km/h. 124 km/h. 94.9 km/h. 
Axle hung Axle hung Axle hung 


«Railway Gazette » 


« Railway Gazette » 
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The Pennsylvania Railroad. 


Answers to Question 6 under « A » general for electric locomotives. 


2. Method of designation by the rail- Bl DD1 DD2 GiGal 0 
TOACE. cue en Rode eae Switching Passenger Freight Freight Pai 
ial AUG (CLS Cuan. Buse oy eae ke cee is RR aERe IRA ReeRe PRevRe TE TRRS ARS., P 
G. BaGor | 
4. Arrangement of the axles — A.A.R. | 
Guiimlocier Gee Ao. to sel sei ca ¢ 2-B+B-2 | 2-B+B-2 | 2-C+C-2 | 2 
5, Date in service of the first vehicle of 
Ge nie ee yee 1926 1910 1938 1935 : 
| 
6. Number of vehicles of the same type 
im Conus sin WA 5 3 5 eo 6 28 2 1 44 
7. Total weight in running order — kg. 12 000 150 000 206 000 211 000 a 
8. Total adhesive weight — kg. 123 000 92 000 131 000 137 000 i 
| 
9. Total weight of mechanical parts — 
KO eit Gir ee at A «ers BB 41 500 96 000 132 000 139 000 i 
10. Total weight of electrical equipment | 
— kg. BP cha, cree aL 30 400 54 500 74 000 71 500 
. Diameter of new motor wheels — | 
cm S37 183 157 145 
2. Diameter of new non-motored 
wheels — cm — OS) SHES 91.5 
. Type of axlebox bearing . Plain Plain Roller Roller | 
14. Are wheels balanced statically and | 
GiMereCAIN? 5 5 5 + 6 @ o 5 € No No No No 
Sis We GHEE, 5 5 6 me One a 6 Air Air Air Air 
li@s, IBYBUIRE WEWGIBISS «5 56 5 5 5 6 os 6.1 7.8 9.4 9.0 
17. Are there brakes on non-motored 
ARCS al ak ae eee? Be eee — Yes MES Wes 
18. Number of brake blocks per wheel 1 1 2 2 
19, The one hour horsepower at motor 
Shaltsirener, Sa eens age mee = — — Sy 
20. The one hour horsepower at wheel 
TEAC S Sea alte tra stare ae ae ae ee 735 — =e a 


21. Continuous horsepower at motor 
ShALtS’*. 36 is chee cue — — 


22. Continuous horsepower at wheel | 
treads... cites ake eee ee 570 1 580 5 000 7 620 
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Exhibit « A » 
Sheet 1 of 7 
| 


6 eee | O1A O1C PS | Psa | PS R1 


eight Freight Passenger Passenger Freight Freight Freight Passenger 


R. R. | LIMA.L.W. 1 TRA ARR IP TR TR ae PARe Re Baldwin Baldwin 
PTR IR G.E, Co; 

D-1 1-D-1 2-B-2 2-B-2 Di Gye 2-C +2 PLAC ci 2-D-2 
932 1933 1930 1931 1931 1932 1932 1934 
B 1 1 1 2 89 1 1 

7 000 140 000 141 500 137 000 180 000 180 000 203 000 190 000 
0 000 101 000 71 500 69 000 100 000 100 000 203 000 113 000 
5 000 86 000 98 000 99 000 107 000 107 000 100 000 124 000 
2 600 53 500 48 500 47 600 72 500 72 500 104 000 66 000 
(57 SY) 183 183 183 183 183 Sia 
1.5 91.5 ONES 91.5 91.5 91.5 O15 (DIES 
oller Roller Roller Roller Roller Roller Roller Roller 
No No No No No No No No 
Air Air Air Air Air Air Air Air 
ed, ite) Fels els 9.7 9.7 8.13 8.25 
No No Wee Wes Yes Yes = Yes 

D 2 2 2 2 Ds 2: Z 
a = =o == == 3 840 = =— 
500 2 500 2 500 2 500 3 750 3 750 5 350 5 000 
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The Pennsylvania Railroad. 


Answers to Question 6 under « A » general for electric locomotives. (Continued ) . 


GG G Gi 
Freight Passeng 


DID) 2 
Freight 


Bl 1D) 1D) it 


2. Method of designation by the rail- 
eta Ma Ree Switching Passenger 


TOAdI= 


23. The maximum axle loads (at rail) | 
A 23 800 23 300 32 500 22 900 23 006 


24. Coefficient of utilisation of adhesive | 
weight . i. a) D5 Ds) 5) 28 | 
25. Adhesive weight at the wheel rim 
per horse power at the continuous 
rating — kg/HP 126 Sy) 26 30 308 | 
26. One hour traction effort at the 
wheel treads — kg. a ays —_— = = = =| 
27. Continuous traction effort at the | 
wheel treads — kg. 6 200 4 700 17 600 8 800 7 906 
‘ 
# 28. Maximum traction effort at the 
wheel treads — kg. 18 000 23 300 32 800 34 400 32 504 


29. Variation in maximum drawbar pull 
during the transition changes in 
the connections of the traction 
motors 


30. Type of current supplied to the 
: traction motors ae 4 PS 


3 2 8 12 12 


W.E. 137-B | W.E. 315-A | W.E. 428-A W.E. 427 W.E. 44 
A.A.C. 100 (GaAs, O27) G.E. 64 


31. Number of traction motors . 


# 32. Type of traction motors 


i 33. Maximum voltage at the motor 


brushes per armature B35) 650 340 340 340 


34. The different electrical connections Parallel 4 permanently|4 permanently|4 permanently|4 perman 


of the traction motors . only in series in series in series in seri 
35 Speed of the motor vehicle at the 
: one hour rating — km/h. _- _- — = = 
A 36. Speed of the motor vehicle at a 
continuous rating — Km/h. DS 93 79 - 145 160) 
§ 37. Rated maximum test speed of the 
motor vehicle — Km/h. 10 129 12 145 160) 
A 38. Arrangement of motors on the | Axle hung Frame Frame Frame Fram 
vehicle . ae mounted mounted mounted mount 
Gear ratio(*) . MG 2 137 (Jack shaft) DEE SS Dp) & GS) a : 


(*) This is in answer to Question No. 34 under « Drives ». | 
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Exhibit « A » 
Sheet 1 of 7 
IL (5.2 OLA ORE PS Pera PS b RR il 
reight Freight Passenger Passenger Freight Freight Freight Passenger 
Sere ee ee ee | ee | oar ot 0 oe | | 
5 200 26 500 36 200 34 400 33 800 35 200 35 800 28 200 
5 25 2) 2) LS 26 18 25) 
40 40 28 Da 27 Dil 38 22 
1 500 11 500 6 800 6 800 13 100 13 100 18 800 8 600 
5 200 25 300 15 400 15 400 25 200 26 200 36 600 28 800 
not determined — a= = = = = 
a & AGS An G. A.C A.C AAG ING, A.C 
4 4 4 4 6 6 10 8 
W.E W.E. 425-B | G.E. 619-A | W.E. 425-A | W.E. 425-A | W.E. 425-A | W.E. 425-A W.E. 428 
25-B G_E, 625-A® || (GE. 625-A |) (Gl 62524 G.E. 625-4 
275 275 225 275 Pe) 275 DAS 340 
per- {2 permanently|2 permanently|2 permanently|3 permanently|3 permanently}5 permanentlyj4 permanently 
nently in series in series in series in series in series in series in series 
series 
50 60 101 101 79 79 79 160: 
87 87 145 145 112 2 112 160 
xle Axle hung Frame Frame Frame Frame Frame Frame 
ung mounted mounted mounted mounted mounted mouned 
2) 3 Oil 
86 20 : 86 36m: 103 aH 8 Ol MS 3 SY BS § Dil MS SO Pall ge We 
(J ruck) 
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The Pennsylvania Railroad. 
Answers to Question 6 under « A General » for Diesel road locomotives. : 
| SARA ET BS ES RI RFT I A TI I DE PE CI EE EEE IE EI EOE NDE LT LLL ETE EL DELILE AE OEE LILIES! E LLL LIED ETE LEELA OEE 
AP-3 Bros EBPs | 
2. Method of designation by the railroad ........ . .. | 2-«A» units | 2-«A» units 2-«A» ul 
1-«B» unit 1-«B» unit 1-«B» ui 


PBUIlGershy ee feck che che en ict eo eee os ea AME COs Baldwin a 

4. Arrangement of the axles — A.A.R. symbols. . . .. . . . |3(AIA-AIA)] 3 (AIA-ATA) | 3 (AIA-A 

3, IDES i QenvieS OF Wolo ili) WOME Or Wms iyes 4 5 . 4 6 1947 1948 1945 | 

6. Number of vehicles of same type in service in 1949 .... 5 9 Re + 
15 uni 

To Wouall eisai tay eur Orme == Ie, 5 nn 5 427 000 526 000 434 

8. Total adhesive weight — kg .... Eee et Rc 284 000 350 006 292 00; 


9. Total weight of mechanical parts — ke. oe — — —- 
10. Total weight of electrical or Diesel electrical equipment . ae — = = 


11. Diameter of new motor wheels — cm. . Ratt ee be eee hae 40 42 36 

12. Diameter of new non-motored wheels — cm........ 40 42 36 

13. Type of axle box bearing . . Senet SN Roller Roller Rolle! 
14. Are wheels balanced statically and. dynamically ? Seen aes No No No | 
LS Selby pewOlebrake! vee. q eof yak i ak: ee eee a a Air Air Air 

LossBrake fleveracc. | 5 0) .w) olen’ ae ce ae ee vies} 8.45 


18. Number of brake blocks per wheel .......2.2.... 2 2 
19. The one hour horse power at motor shafts Se aery xs a = 
20. The one hour horse power at wheel treads. ........ — — 


13 
(aeAte there brakes on mon-motored axlesiy seen omens Yes Wes Yes | 

2 
21. Continuous horse power at motor shafts 55). 55 2). — — — 


22. Continuous horse power at wheel treads, approx. .... . 5 000 5 000 50 
2By, Mine meio Belle Noack (ai well 199). 5 5 ko ke 24 100 30 000 24 80) 
24. Coefficient of utilisation of adhesive weight ... . e25) as) 235} 
25. Adhesive weight at the wheel rim per horse power at the con- | 
tinuous rating — kg./HP .. . ; BT es See ay 70 58 | 
26. One hour tractive effort at the wheel treads -- ‘kg Penne Se? =. — — 
27. Continuous tractive effort at the wheel treads — kg. . 37 000 36 000 25 7 
28. Maximum tractive effort at the wheel treads — kg (25 °% / adhes. ) 71 000 88 000 73 00 
29. Variation in maximum drawbar pull during the transition 
changes in the connections of the traction motors... . — — 4 
30. Type of current supplied to the traction motors ...... De Dec: D.G 
Sill, INiwunmleyeie HT WAKO IMMOWOKS =, 6 5 5 on ole ty nw 4 4 
32. Type of traction motors .. . Shee G.E. 566 W.E. 471-A |E.M.D. 
33. Maximum voltage at the motor br ushes per armature aaa 600 300 600 
34, The different electrical connections of the traction motors. . Series, Series, Serie} 
parallel parallel paral 
combinations | combinations | combinag 
35. Speed of the motor vehicle at the one hour rating, — km/h. — — +} 
36. Speed of the motor vehicle at a continuous rating — km/h. 37 ay 55 
37. Rated maximum test speed of the motor vehicle — km/h. . . 160 160 155% 
38. Arrangement of motors on the vehicle ........... Axle hung Axle hung Axle hy 
Geary ration (*)\.; = 58 Lak ae ce eee 23 : 60 DE Sil 22 ms 
Note. — Road Diesel locomotives as designated, being made up of lead and booster units with ny 


to changes with respect to the number of units of same class used per locomotive depending upon operat 
(*) This is in answer to Question No. 34, under « Drives ». | 

} 

} 

| 
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Exhibit A 
Shecte2 sored, 
FP-3 AF-4 BF-4 EF-3 EF-4 FF-3 
«A» units BP-1 2-«A» units 2-«A»> units 2-«A» units 2-«A» units 2-«A» units 
«B»> unit 2-«B»> units 2-«B» units 1-«B» unit 2-«B» units 1-«B» unit 


airbanks Baldwin ALE Co; Baldwin E.M.D. E.M.D. Fairbanks 
Morse Morse 
ATA-ATA) | 2-D+D-2+ 4 (B-B) 4 (B-B) 3 (B-B) 4 (B-B) 3 (AIA-ATA) 
2-D-+-D-2 
1948 1947 1948 1949 1948 1947 1947 
4 1D) 2 13 18 Bree tee ee 
"\ 1«B» unit (12-«A» units) 
456 000 545 000 440 000 480 000 326 000 426 000 487 000 
318 000 376 000 440 000 480 000 326 000 426 000 338 000 
42 42 42 
42 42 Koes 
Roller Roller f § Roller 
No No Y No 
Air Air ir ir ir ir Air 
7.45 FA ‘ ; 5). i 7.45 
(using-B rela 
Yes Yes S = » 
2 2 
5 000 5 000 
26 700 26 700 
5 25 
64 75 
37 600 48 100 78 000 is 
79 500 93 500 110 000 120 000 106 000 
iDE@s iD, C. ila DEC De ID), (C. 1D), (C- 
4 16 4 4 4 4 
E G1-567 | W.E. 370-F tee W.E. 370-F jE.M.D.D7E] E.M.D. D178 G.E. 746 
600 300 350 600 600 600 
Series, Series, Series, Series, Series, Series, Series, 
paraliel parallel parallel parallel parallel parallel parallel 
nbinations | combinations }| combinations | combinations | combinations combinations combinations 
35 29 17 17 17 23 25 
160 160 105 105 80 105 111 
xle hung Axle hung Axle hung Axle hung Axle hung Axle hung Axle bung 
B3|: 64 Dh ye 18 ; 74 IS 2B} ID 2 OS IS) 3 OP yf 70) 


nilarity as to details, including tractive force, are used in multiple as indicated. They will at times be subjected 
nditions. 
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The Pennsylvania Railroad. 


Answers to Question 6 under « A. General » for Diesel-electric shifting locomotives. 


A.S.-6 B.S.-6 B.S.-6 a 


G.S.-4 


29, Variation in maximum drawbar ‘pull ‘during the ‘tran- 
sition changes in the connections of the traction 


2. Method of designation by the railroad . Noi 
i Builders) = 3) Se ee ee ee | Generals | VALIES Cos | eBaldywinls |e Baldy ane |memns 
electric | 
4. Arrangement of the axles — A.A.R. symbols .. . B-B B-B B-B B-B B- 
5. Date in service of the first vehicle of this type .. . 1947 1947 1942 1948 19° 
6. Number of vehicles of same Bie in service in 1949 
(aso 7-1-4) ea ie ake 42 5 12 99 1 
7. Total weight in running order. — Ke Ry Eee c . 40 500 91 000 90 000 90 000 95 | 
8. Total adhesive weight —Kg.. . . ; ee eet » » » » » 
9. Total weight of mechanical parts — Ke. = = = = = 
10. Total weight of electrical or Diesel electrical equipment — — = = =| 
11. Diameter of new motor wheels —cm.. . . ae 84 102 102 120 10; 
12. Diameter of new non-motored wheels —cm. .. . — — = = = 
13. Type of axlebox bearing . . -— Plain Plain Plain Plain Pla 
14. Are wheels balanced statically and ‘dynamically ? ah: No No No No Ni 
IS* ype of brakess? As Maes aia one ee Air Air Air Air Al 
(os Brakeleverace =. — sh eee eee Ba? 5:3 5.4 514 54 
17. Are there brakes on non- motored axles? aM ceed en oO: — — — — ~ 
18. Number of brake blocks per wheel . . . ... .. 2 D; 2 2 
19. The one hour horse power at motor shafts . — — — — Not 
20. The one hour horse power at wheel treads . . . . . —— — — — = 
21. Continuous horse power at motor shafts. . . .. . — = = 
22. Continuous horse power at wheel treads... .. . 250 490 506 481 4 
25 Uhemmaximunmlaxieloadsi(at sail kcos) anne 10 000 23 300 23 300 22 500 23 1 
24. Coefficient of utilisation of adhesive weight ... . 100 % 100 % 100 % 100 % 1004 
25. Adhesive weight at the wheel rim per horse power at 
the continuous rating —Kg./HP .... . 163 188 180 187 19 
26. One hour tractive effort at the wheel treads — _ Kg: — — — — + 
27. Continuous tractive effort at the wheel treads — Kg. 5950 13 500 13 500 15 600 c | 
28. Maximum tractive effort at the wheel treads — Kg. 
(> %, adhesion) . . 10 200 22 800 22 600 22 400 23 q 
| 
MOUS 5 6 « A: = = _ = 
30. Type of current supplied to ‘the traction motors . Sal DEG: ID, (C, ID), Cs IPE, D.| 
Sills INWITMOSE OH CON ANONIORS 4 oo oo 5 oo ge 4 4 4 4 | 
32, ISPS OF WRCHOMN WNOWONS . 5 5 6 0 5 a on oe G. E. Gris W.E. W.E. W 
733 791-D 3 362-B 362-D | 287. 
33. Maximum voltage at the motor brushes per armature 250 350 350 350 6 
34. The different electrical connections of the traction 
MOTOLS ae = —— = =a aI 
35. Speed of the motor vehicle at the one hour rating — | 
imam, 4 ; == = == = =| 
36. Speed of the motor vehicle ‘at a ‘continuous rating — 
t/ha . 3 TES) 10 10.5 8.5 14, 
37. Rated maximum test speed of the motor vehicle — 
Gan, 5 fo ee 56 96 96 96 64 
38. Arrangements of the ‘motors on the vehicle . Sees ee hung]Axle aoe Axle hung]Axle hung}Axle — 
Gegriratio (%) es ee ee ee SIM AE) 1G ¢ IG 2 HG 14 : 68 16: 


(*) This is in answer to Question No, 34, under « Drives ». 
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Exhibit « A » 


Sheet 3 of 7 
6 .| AS.-10 |_B.S.-10. | B.S.-10A Havas E.S.-10 | F.S.-10 | FS.-20 | A.S.-10S] B.S.-10 AS: 
a La eee ee eee 
M.D. | A.L. Co. | Baldwin | Baldwin | Baldwin E.M.D. Fair- Fair- NL (CO: Baldwin 
banks-M | banks-M 
3-B B-B B-B B-B B-B B-B B-B B-B B-B B-B 
942 1948 1943 1948 1948 1941 1948 1949 1948 1949 
52 22 8 86 6 32 35 1 i 2 
1000 | 106000 } 110000 | 105 000 105 000 114 000 112 000 117 000 114 000 116 000 
»> » » » » » » » » » 
)2 102 102 102 102 102 102 107 102 107 
ain Plain Plain Plain Plain Plain Plain Plain Plain Plain 
No No No No No No No No No No 
Nig Air Air Air Air Air Air Air Air Air 
4 53 5.4 5.4 5.4 5.4 5.35 5.35 5.3} 5.4 
2 2 2 2, 2 2 Dy, Dy 2 D, 
used — — — — Not used — — — — 
70 25) 753 816 816 800 807 1 678 725 821 
200 26 800 28 000 26 000 26 000 28 300 28 300 29 000 28 300 28 300 
i, 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 & 
90 148 146 128 129 143 138 234 161 35) 
800 15 600 15 600 15 600 15 600 13 800 15 600 19 700 15 600 14 900 
200 26 800 27 500 26 200 26 200 28 500 27 200 29 100 28 600 27 600 
Mt determined — — — — — oo — == 
Cc. ID, Cc. DAG: DAC DAG D.C. iD), € Dae DEG ID), Ce 
, 4 4 4 4 4 4 4 4 4 
(IBF Gare W. E. W.E W. E. E.M.D. W.E W.E. W.E W. E 
[73 731-D 362-D 362-D 362-D ID) 7 38 362-D 370-F 731-D 362-D 
0) 350 350 350 350 600 350 380 350 350 
ries and series — parallel — — — = == = 
2 12.9 1833 14.5 14.5 16 14.3 D3eS) 13 15 
2 96 96 96 96 96 96 104 96 96 


hungjAxle hung/Axle hung|Axle hung}Axle hung}Axle hungjAxle hunglAxle hung}Axle hung} Axle hung 


62 16: 75 


14 : 68 


14 : 68 


14 : 68 


iby 8 GP 


14 : 68 


IS) 3 © 


9) 8. 7S) 


14: 68 


ES SE SR SE I SS SE PIT LETS EEN ESERIES. LER EET SEADOO EL EEO BOE IA RE AD LE EAD! DRE LEAL O ETEE E 
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The Pennsylvania Railroad. 


Answers to Question 6 under « A » General for electric motor coaches (M-U cars). 


pes | 


2. Method of designation by the railroad MP 54E 1 MP 54E2 
aa 


1. Builders AGE, IRaRGRS. P.R.R 
pressed steel car, P.S.CaG 
SMIMID), ‘Susall (Cer (Co: A.C. = 
5.5.Ge 
4. Arrangement, of the axles : — a a 
5. Date in service of the first vehicle ‘of this type : 1914 1925 1933} 
6. Number of vehicles of the same type in service in 1949 HG 200 38 | 
7. Total weight in running order — kg. ; 54 200 59 600 58 OC 
8. Total adhesive weight — kg....... 32 400 34 600 34 6 
9. Total weight of mechanical parts — kg. . . — = | 
10. Total weight of electrical equipment — kg. a = | 
11. Diameter of new motor wheels — cm ; OES MS 91.4 
12. Diameter of new non-motored wheels — cm Mites’ Oils i) = 
13. Type of axlebox bearing Plain Some-Plain Trailer-y 
Some-roller motor-r) 
14. Are wheels balanced statically and dynamically ? No No No; 
15. Type of brake sd ores EO nie Polis. Air Air Air) 
16. Brake leverage ae ES 12.4 12.1; 
17. Are there brakes on non- -motored axles? Yes Yes Yes 
18. Number of brake blocks per wheel ; : j2 2 2 | 
19. The one hour horse power at motor shafts, per ‘motor. 221 252 —| 
20. The one hour horse power at wheel treads, per motor. 205 229 = 
20. Continuous horse power at motor shafts, per motor. 196 206 38 
22. Continuous horse power at wheel treads, per motor. 185 193 37 
23. The maximum axle loads (at rail — kg.) 2 16 200 17 000 17 
24. Coefficient of utilisation of adhesive weight : 23 25 25) 
25. Adhesive weight at the wheel rim per horse power at the 
continuous rating —kg./HP .. 87 89 4in 
26. One hour tractive effort at the wheel ‘treads - ~ ke. per 
motor. , 940 1 110 aaa 
27. Continuous tractive ‘effort at ‘the wheel treads — kg. per 
WMONOIPS % oc 760 825 1 3} 
28. Maximum tr active effort at the wheel treads — _ kg. per 
MONO, 5 oo 8 100 8 650 8 6 
29. Variation in maximum | drawbar pu Il during the transition | 
changes in the connections of the traction motors. — — —+} 
30. Type of current supplied to the traction motors. Gs A.C. A. 4 
31. Number of traction motors 2 2 2| 
32. Type of traction motors 4i2a 412d 426 0 
Doubly-fed Doubly-fed Seri 
33. Maximum yoltage at the motor brushes per armature. — — 
34. The different electrical connections at the traction motors — — = 
35. Speed of the motor vehicle at the one hour rating, km.h. 61 — 4 
36. Speed of the motor vehicle at a continuous rating, km.h. 68 —— 
37. Rated maximum test speed of the motor vehicle, km.h. 104 104 121 
38. Arrangement of motors on the vehicle Axle hung Axle hung Axle lf 
Gear ratio(*) . DASES Ss DATES 22% 


(*) This is in answer to Question No. 34 under « Drives ». 
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Exhibit « A » 
sheeted sole] 
a eee 
El |MPB 546 E 2|}MPB 546 E 3|MBM 62 E 1} MBM 62E 2 MB 62 E 1 | MB 62 E2 
ee ee ners ee reenter ee ea ee ee eee 
F, A.C.-+ F. JR URG, Jee P.R.R PaaS [PTR TR aR Re 
our wheel trucks — — == 2s Lae 
1928 1933 1928 1928 1926 1926 
2) 8 2 2 2, 5) 
0) 53 300 57 000 55 000 55 000 54 600 54 600 
0) 33 400 34 000 32 000 32 000 32 600 32 600 
91.5 91.5 91.5 91.5 91.5 91.5 
91.5 91.5 91.5 91.5 91.5 91.5 
Plain Trailer-plain Plain Plain Plain Plain 
motor-roller 
No No No No No No 
Air Air Air Air Air Air 
ihe 11.9 less 115 11.4 ie 
Yes Yes Yes Wes WES Yes 
p 2 2 2 2 2 
252 — 221 Disy) 221 DS) 
229 — 205 229 205 229 
206 380 196 206 196 206 
193 370 185 193 185 193 
0 16 800 17 000 16 000 16 000 16 600 16 600 
25 25 WS 5 DS 25 
86 46 87 84 88 85 
1 110 — 940 1 110 940 1 110 
825 1 360 760 825 760 825 
0 8 300 8 500 8 090 8 090 8 090 8 090 
ot determined = — — —— = 
| A.C. NEC. AX. eC Nel Ce PNG: 
2 Pp D Dp) p) D 
\ 412d 426 or 626 412 a 412d 4i2a 412d 
-fed | Doubly-fed Series Doubly-fed Doubly-fed Doubly-fed Doubly-fed 
ot determined — — = == ra 
manently in series = — = = < 
wats —_ 61 — 61 — 
= a 68 = 68 — 
104 121 104 104 104 104 
ing Axle hung Axle hung Axle hung Axle hung Axle hung Axle hung 
5 DARE SS De Si ASS YES. SS) DATS VAS) 
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The Pennsylvania Railroad. 
Answers to Question 6 under « A » General for rail motor cars. 


2. Method of designation by the railroad O.E.W. 330%a 0.E.G, 
il, TBunll@er so so Sie INE So Pic ere Le Pree | Pullman | Pullm: 
4. Arrangement of ie 85 eae See, Cs een | 
5. Date in service of the first vehicle of this ye Pte i 1941 1942 
6. Number of vehicles of the same type in service in 1949. Ae 1 10 | 
We, Wowall yreraatt sim seumaimmngs @aclse—— 198, 5g 5 65 000 57 4a 
8. Total adhesive weight kg. .... SA ne eee 41 200 35 St 
9. Total weight of mechanical parts — few ay Wie pie ERA — = 
10. Total weight of electrical equipment— kg. ........ = | 
(lil, IDewnsKe Cie ina MOKOr Wink —=—=CiN Gg . 5 s 6 5 5 6 5 oo ONES) 91.5] 
12. Diameter of new non-motored wheels—_cm ........ hile) 91.5) 
13. Type of axlebox bearing . . Bi ot eae Roller Rolle 
14. Are wheels balanced statically ah djnanieally? te ae No No| 
{Seely pesOt brakes ean) cage eis 2c tees are ae amen eee Air Air! 
IOs IBIS IVES 5 5 6 Pa ete: wee Sa 10.7 9.6) 
17. Are the brakes on the non- motored axles? Pits etek bt ae Nes - 
18. Number of brake blocks per wheel 2 2 | 
19. The one hour horse power at the motor shane SS gees 
20. The one hour horse power at the wheel treads ..... . 2) 235 
21. Continuous horse power at the motor shafts. ...... . — — 
22. Continuous horse power at the wheel treads. ...... . 249 246) 
23s lhe maxirnitnsaxlonloadsm(aiustalll=— kc.) late 20 500 17 6G 
24. Coefficient of utilisation of adhesive weight . . 316) 13) 
25. Adhesive weight at the wheel rim per horse power at the con- : | 
tinuous ratng—kg./HP ..... Beas Ue 165 146 
26. One hour tractive effort at the wheel neh — ay ge Sas 3 160 | 2 26 
27. Continuous tractive effort at the wheel tread—kg. .... 1 550 \ 1 7 
28. Maximum tractive effort at the wheel tread—kg. .... 5 400 | 48 
29. Variation in maximum drawbar pull during the transition 
changes in the connections of the traction motors : see = 
30. Type of current supplied to the traction motors ..... . IDS. «Cc. 1B), g 
Jils INU OF WACOM WHOIS 5 5 5 1 an 5 op oo Sane) 2, 2 
32. Type of traction motors eee ea W.E. 569-c-4 G.E. 24 
33. Maximum voltage at the motor Sire eter jee BuIA =. 5 , 700 70C 
34. The different electrical connections of the traction motors . One motor One mi 
per power plant per powe} 
35. Speed of the motor yehicle at the one hour rating — m.p.h. 11.5 18) 
36. Speed of the motor vehicle at the continuous rating — m.p.h. Dies 25) 
37. Rated maximum test speed of the motor vehicle — WFD 5 60 604 
38. Arrangement of motors on the vehicle Axle hung Axle fH 
Gear ratio(*) 20 : 59 1S 


(*) This is in answer to Question No. 34 under « Drives ». | 
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Exhibit « A » 
Sheetaom ot 7 


E.G. 350 b O.E.G. 400 | O.E.Gy 415 O.E.W.G. 350 
| ee | eee 
Pullman Pullman Brill Brill 
heel trucks 
1942 1942 1942 1942 
2 | 5 2 
57 700 66 600 64 000 59 000 
35 500 44 000 41 000 37 800 
91.5 91.5 ilies) 91.5 
91.5 DS Oil 3) 91.5 
Roller Roller Roller Roller 
No No No No 
Air Air Air Air 
9.6 11.0 10.5 9.8 
Yes Yes Yes Yes 
2 2 2 2 
d 
235 249 249 230 
246 299 299 240 
17 600 21 800 20 200 18 800 
13 18 19 16 
146 147 137 157 
2 260 3 300 3 300 2 920 
1 700 2 330 2 330 1 550 
5 400 7 800 7 800 6 000 
erminded 
Dy C. iD, € iD, C Dae 
2 2 2 2 
. 292-c-51 G.E. 297 G.E. 110-A W.E. 569-c-4 
700 700 700 700 
1¢ motor Series and parallel Series and parallel One motor 
ower plant per power plant 
18 13 13 IDES 
25 22 22 26.5 
60 60 60 60 
‘le hung Axle hung Axle hung Axle hung 
ome 33 20 : 56 20 : 56 20 : 59 


SS AE SE SEI PT EPS ES ES IT ET SEL PSE EO IS TT RIES TE NT SEEDED 


SPECIFICATIONS OF 


DIMENSIONS 


WEIGHT & CAPACITIES (a 


MODEL 
: ; : Starti 
NUMBER Unit Length Width Height Wheel Weight | tractive 
overall maximum max. base 
and HP inside over above between | On 25 
kauckles side | rails truck Total | drivers adhn. 
Gils =a! center (Ibs.) (Ibs.) (Ibs.) 
(1) (2) 3) (4) (5) (6) Oni © Ome I 
eee eee Se ee ee ee en ee 
ROAD FRE 


: 
Alco-G. E. (American Locomotive Co., and General Electric Co., Shenectady, N. Y. (Latest data not available at | 


Baldwin Locomotive Works, Eddystone, Pennsylvania. 


: 
DR-4-415 A 54-8" | | | | | 
| 9’-10" 15’-0" 28'-2" 250 000 |; 250000 | 62 500 | 
1 500 HP B 53'-2" _}| (1) 10’ 6" | | | | 
Electro-Motive Division, General Motors Corporation, La Grange, Illinois. | 
A 50’-8" | | | | | |! 
F-7 1 500 HP | MeO! || SFE)! | 30'-0" 230 000 | 230000 | 57500 |! 
B so/-0" {| (1) 10’ 8” | ; | | I 
Fairbanks, Morse & Co., Chicago, Illinois. | 
ALT 200.3 A-B 64-10" 10'-0" ee eer 36'-5" 344 000 | 240090 60 000 | 
2 000 HP (1) | } 
ALT 100.3 A-B 64'-10" 10'-0" ho Weel! 36'-5 324 000 | 220000 | 55000 |} 
2 000 HP (1) | | 
C.F.-16-4 1 600 HP A-B 56'-6" | 10’-0" fo eye)! 34! 240 000 | 240 000 60 000) — 
C.F.-20-4 2 000 HP A-B 10’-0 | 15’-0" 15‘-0" 34’ 246 000 | 246 000 | 61 500 | 
C.F.-24-4 2 400 HP A-B 56-6 10’-0' | SO)” 34! 252 000 | 252000 63 000 | 
| C.P.-16-4 1 600 HP A-B 250 000 | 250000 | 


Alco-G. E. (American Locomotive Co., and General Electric Co., Schenectady, N. Y.) (Latest data not available : 


Baldwin Locomotive Works, Eddystone, Pennsylvania. 


DR-6-4-20 A 80’-0" 


| | 
| 9'-10" | 14’-9 3/8" | 46'-3 1/2" | 375 000 | 250 000 62 500 
=< 2 000 HES iB : | 8-227 i) G) 10-6" | 
Electro-Motiye Division, General Motors Corporation, La Grange, Illinois. | 
A 70'-3" | | | 316 500 || 210750 | 52 700M) 
E-8 2250 HP |S 9’-10" |14'-10 1/2") 43'-0" | | 
B 70'-0" i) (1) 10'- 8” | | 308 300 | 207500 | 51 800 


IC LOCOMOTIVES. 


ENGINE 


Exhibit ’’A’’ 
Sheet 6 of 7 


| _ (MBP | HP 
Cycle Bare | WePtre, enein, | Continuous Aa 
per and Fuel system Comp. ing | effec-_| Charger ratings Atle 
Type | Make} Cycle | en- Stke | ratio | press-| tive per engine for 
gine (in.) ) ure | press- ; trac- 
| Type | Make (max.)| ure) | Type | Make} RPM | HP | tion 
m2) G3) | G4) | G5) (16) CUTS) COYNE 0). MGA) | (22). 23)" N24) = Os) alies: 
IOMOTIVES 
-time.) 
| | | Bosch | | | | | 
Str Own 4 8 IDES Sane | or {13.45:1/ 1050} 130 turbo | Elliot | 625 | 1 625 | 1 500 
| | | Bendix' | | 
| | | | | | | | | 
V | Own | 2 16 8 1/210 | ) | Own eee pLeOSOni 9204/90: | Own | 800 | — | 1 500 
| | | | | 
O.P. | Own 2 10 8 1/8 x 10 Sl eOwny | ost 151500) 93 Bievey Own | 850 | 2 200 | 2 000 
(1) 
O.P. | Own 2 10 81/8x10 | SI. | Own |16.1:1 | ESO} oS Blower Own | 850 | 2 200 | 2 000 
4 (1) | | | 
O.P. | Own 2 8 8 1/8 x 10 S.I. | Own |16.1:1) 1150} 93 |Blower| Own | 850 | 1 804 | 1 600 
(1) | ; 
O.P. | Own 23 M10 8 1/8 x 10 S.I. | Own /16.1:1) 1150} 93 |Blower) Own | 850 | 2 223 | 2 000 
(1) | | 
O.P. | Own 2, 12 8 1/8 x 10 8S... | Own |16.1:1)1150} 93 |Blower| Own || 850 | 2 623 | 2 400 
(1) 
O.P. | Own 2 8 8 1/8 x10 S.I. | Own |16.1:1} 1150) 93 |Blower) Own | 850 | 1 804 | 1 600 
(1) 
OMOTIVES 
-time.) 
| Bosch | | | | 
Str | Own 4 Ga l2 3/4 <15el | Sale or |13.451 | O50 s 1205 | Linboy Eliot 625ee elelo sa e2n000 
| | | Bendix as | Te 
| | | | | 
| | 
By | Own | — ; 2250 


| 
2. | 12 | 8 1/210 | U “Own 16851 


Fairbanks, Morse & 


Co., Chicago, Illinois. (See also models Alt. 100 


SPECIFICATIONS OF 


DIMENSIONS WEIGHT & CAPACITIES (ay 
MODEL 
idth Height | Wheel Weight Startix 
cea Wade tractive «¢ 
er et ae overall maximum max. base 
a HP inside over above between On PRS): 
kauckles side rails truck Total | drivers adhn. 
sills center (Ibs.) | (Ibs.) (Ibs.) 
(1) (2) (3) (4) ere ©) (6) (7) (8) (9) 


3 (2 000 HP) — and CP 16-4 (1 600 HP) un 


Alco-G. E., Schenectady, N. Y. (Latest data not available at press time.) 


CP 16-5 A-B 56'-6" | 10’-0" ) lye(6)" au 272 000 | 222 000 | 55500 | | 
CP 90-5 A-B 56’-6" 10-0" 15’-0" lie 282 000 | 230 000 | 57 500 
CP.-24-5 A-B 56/-6" 10-0" | 15-0" Sil 286 000 | 234 000 | 58 500 


COMBINATION ROAD-SWITG 


Baldwin Locomotive Works, Eddystone, Pennsylvania. 


i 
| 


i 


DRS-4-4-15 S 58’-0" 9’-10" 14’-0” 32'-3 240 000 | 240000 | 60000 
1 500 HP | 
| 
1 500 HP (with boiler & water applied) 254 000 | 254 000 63 500 
DRS-6-4-15 S 58'-0" 9’-10" 14’-0" 32'-3" 256 000 | 177000 | 44 250 
1 500 HP | 
(with boiler & water applied) _| 270 000 186 500 46 625 
| | | | | | 
| | ! 
DRS-6-6-15 S 58'-0" 9'-10" 147-1" | 32/-3 325 000: | 325000 | 81 250 | 
1 500 HP 
(Transfer) 10-2” | | 
(2) 
(with boiler & water applied) 3297300 T5329 300M S2i52>5 
| | 
DT-6-6-20 S 74'-0 9'-10" Si-45/ 4a Aen? 354 000 | 354000 | 88 500 
2 000 HP 
(Transfer) | 102 
| (2) | | 
DRS-4-4-10 S 58'-0 | 9’-10" 140/220 224 000 | 224000 | 56 000 
1 000 HP | | 
| | 
(with boiler & water applied) 235000 | 235000 | 58 750 
| 


Abbreviations and notes : Col. 1 : (1)—no longer in production ,(2)—not 


mended for other than freight service. Howevw 
be equipped with train heating equipment fot 
speed terminal and passenger service. 

Col. 2 : S—single unit. 

Col. 3 : @—date not available. 


The bracketed numbers and abbreviations used in the 
tabulation refer to the following: 

Bracketed numbers within tabulation, such as « (3) » 
refer to the following explanations: 
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Sheet 6 of 7 
EE SE SS SSS SSS SSS SSS SSS SSS 
ENGINE 
| Cycle Bore Bir eee | Continuous a 
per and Fuel system Compieaine il effec: | Charger ratings or a 
[ype | Make | Cycle en- Stke | GM press-| tive per engine pee 
gine (in.) aaa | ure | press- l ss trac- 
| | | Type Make | (max.) “urey | Type Make RPM EES) tion 
G2) | 3) | 4) | 5) (16) DS) SIS) {20a (21) 9) 22) | (23) | (24) | (5) | @6) 
Kreight Locomotives.) 
mE || Own |) 2 | 8 poe LAN LOW SS eOwn iLoxtsih i) 150 | 23 |Blower| Own | 850 | 1 804 | 1 600 
| | | | 
wee. || Own | 2 | 10 | 8 ee | Soll. | Own /16.1:1 | 1 150 as Blower Own | 850 | 2 223 | 2 000 | 
| | | 
| | 
Pe. | Own D, nD 8 ue <10 | S.I. | Own 16.1 ot | 1150) 83 Blower Own | 850 | 2 623 | 2 400 
(1) | | | 
NSFER) LOCOMOTIVES 
Str. Own A | 8 |t23/4xK15 1/2) SI. | Bosch |13:45:1| 1.050 | 130 |Turbo'| Elliot | 625 | 1 625 | 1500 
|) oye | | | 
Bendix | | | 
Str. Own |} 4 8 | 12'3/4 x15 1/2) SP | Bosch 13.4521 1050} 130 |Turbo| Elliot | 625 | 1 625 | 1 500 
or | | 
Bendix, 
Str. Own 4 8 (123/415 1/2) SI. | Bosch )13.45:1) 1050) 130 |Turbo/ Elliot | 625 | 1 625 | 1 500 
| Gr | | | 
| Bendix | 
Str. | Own 4 8 12 3/415 1/2) SI. | Bosch /13.45:1) 1050) 130 |Turbo| Elliot | 625 | 1 625 | 1 500 
| or | | | 
Bendix. 
tr. | Own 4 Se 2 AIS 1/2 S Ta Bosehy| 1324521 OSON 130 | Turbos EMiotl G2 Sans e625q mlesO0 
Olea 
Bendix| 
tr. | Own 4 | 8 (|123/4x151/2) SI. | Bosch |13.45:1/ 1050 | 130 |Turbo| Elliot | 625 | 1625 | 1 500 F 
Or | | | 
Bendix’ | | | 
str. Own 4 6 |123/4x151/2| S.I. | Bosch |13.45:1) 1050} 120 |Turbo| Elliot} 625 | 2 250} 2 000 
| or | | | | 
| Bendix) | 
| | | | 
tr. | Own 4 G WD BAISctS 12 S.1. “Bosch 113.45:1, 1050 | 120 'Turbo | Elliot | 625 | 1 125 | 1000 
Or | | 
| | | Bendix | | 
tr. | Own 4 6 |123/4x15 1/2) S.I. | Bosch |13.45:1| 1050 | 120 |Turbo| Elliot | 625 | 1125) 1 000 
| | Bendix’ | | | : 
(1)—width over handrails; (2)—width over Col. 17 : St—solid injection; U—unit injection. 
_ cylinder. Col. 22 : R—Roots blower; S—supercharger; TS— 
me Str—straight; O.Pi—opposed piston; V— turbo supercharger. 


al, in line single acting. Col. 23: SC—Schwitzer-Cumming; BW—Borg-Warner, 
: (1) 10-in. stroke for each of two pistons. B—Buchi; E.B.—Elliot-Buchi. 
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AprRIL 1950 


SPECIFICATIONS OF 


ELECTRICAL EQUIPMENT TRUCKS 
Generators Traction mtr Wheels | Journ’! | 
Main Auxiliary | Total | Wheel | Num- Num. | Wale | 
generator generator No. | Type | base ber ber | Di- , | 
per Type | Moke driving idling | am. ht Type | Make 
Type Make | Type | Make) unit | (pairs) (pairs), 5 | 
(27) (28) (29) (30) (31) (32) (33) (34) (35) (36) | G7) (38) (39) | (40) (41). 
ROAD FREI 
1 


j 
Alco-G. E. (American Locomotive Co., and General Elects 


Baldwin Locomotive Works, Eddystone, Pennsylvania. 


| 
471 W WGo Wy | S70) Wy S.B. | 97-107 | 4 | None] 42’ 2197 RE BS ee 
42 B | | | | | | | # 
oe | | , | | : 
| | 
| | | | | j 
| | | | | | | 
Electro-Motive Division, General Motors Corporation, La Grange, Illinois. 
Comb. Own | D.C. D. 4 | D.C. | Own (1) 9'-0" 4 | None | 40” | 250° | R.B: Ee 
INCABYC Shunt Series | | | | 
(1) | | | | | 
Pa | 
Pee | 
| | 
| | 
Fairbanks, Morse & Co., Chicago, Illinois 
567 G.E. 27 G.E. 4 | 746 | GE S Ben ploco” 4 2 Ad 1 DSS) || TRUS i 
| (2) 
567 G.E. Dif GE. 4 | 746 | Gli OSs Be ieloron 4 2 40’ DiS OME ReBs aT 
| (2) 
497 W. Y.G. W. 4 370 W. S.B. | 9/-4” 4 None | 42” PEABO | TREIBS 1} 
54-B (3) 
498 W. Y.G W. 4 370 W. S.B; | 974% 4 None | 42” PESO VREAB} T. | 
54-4 (3) ! 
498 W. WIG, W. 4 370 W. SB. |) 9-47 4 None | 42” PEYBO || ARS} T.} 
54-A (3) | 
497 W. Y.G. W. 4 | 370 W. SJBa edn 4 Noa || 402" 27/3 ° Re REB T. | 
54-B | (3) 


is 
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ICTRIC LOCOMOTIVES Exhibit « A » 
Saree O or 7/ 
; 

SPEED AUXILIARIES SUPPLIES 
| l cm. ne | : - ] | 
Starter | Air compressor | . | | Eng. 
Cont. | Cont. an aT | is - ‘Traction Air | Lub. | Fuel | att Htg. | Sand ¥ 
ar | trac- | rat- | Max. era seal brake} oil oil ing | boiler) cap. 
ios | _ tive ing speed ati city | owers sched. |' ‘cap.. | cap: | wateriawater acum 
effort | MPH | MPH | !¥Pe | Make | Type | ed (CF. ia ek (gals) (gals) cap. | cap. | fo) | 
(Ibs.) | | | M.) | te M. | | (gals) | (gals) | 
3) | (44) | (45) | (46) | (47) | (48) | (49) Pete MCSA eO2) la) | ©4)_ |\-65)_ |) G6) IG7)s ie Gs\eimGoat 


LOCOMOTIVES 


Schenectady, N. Y. (Latest data not available at press-time.) 


15 | 42 800} 10.5 | 65 | Elec. | Gould] 3-CD |W A B| 262 | Mech. S. | 
7 | 37 200) 12.2 | 75 Bty. | or or | or | | driver” iD, 
19 | 32 200, 14.0 | 82 | Exide |W XO] GD | | | 
20 | 30.000; 15.0 | 87.5 | | | | | 
21 2 100, 16.0 | 93.5] | | | | | 


300 | None 16 


~~ 
ep) 
lon 
BEN 
Ss 
@) 


:15 | 42 800) 


#12 | 52400] 9.0 | 55 |M.G.| Own| (1) | GD | 178 | A.C. | Own [24RL| 200 | 1200! 230 [A.(@)| 16 
15/40000 11.0 65 | | | | [motor | DB. | B(2)) 
717 | 34.000) 13.0 | 77 | | | | | | 
:18 | 32.000; 14.0 | 83 | | | | | | 
a9. | 29 500] 15.5 | 87 | | | | | 
0 | 27 500| 17.0 | 95 | | | | | | | | 
mat | 25 500) 18.0 | 102 | | | | | | | 
| | | | 
a7 | 41.000) 13.5 | 69 |M.G.| GE. |3-CD|WAB| 262 | 26 | GE. 24RL| 360 | 1650| 490 | None| 20 
218 | 38200) 16.7 | 74 | | | | | DB. | | 
20 | 35000) 18.2 | 80 | M.G.| GE. | 3-CD|WAB| 262 | 26 | GE. 24-R L} 360 | 1200} 490 | 1650} 20 
222 | 31000) 20.6 | 91 | | | | | DB | 
224 | 27 500] 23.2 | 103 | | | 
26 | 24 500} 25.9 | 115 | | | | 


W 
i737 200) 13:5 | 76.5 | 
15 | 42 800) 14.7 | 664 | M.G.| W. | 3-CD |WAB) 262 
WwW 
WwW 


i? 37 200) 16.9 | 76.5 | 
15 | 42 800) 17.6 | 66.4 | M.G. 
i) 37200) 20:2 | 76.5 | 


15 | 42800) 11.7 | 66.4 | M.G 
i |37200| 13.5 | 76.5 D | | | 
19 | 32200} 15.5 | 88.2 
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SPECIFICATIONS OF DIE 


ELECTRICAL EQUIPMENT TRUCKS 
Generators : | Traction mtr Wheels Journal brgs” 
p Sipeen. hae| | 
Main | Nester | oy Wheel | Num- Num- | | NA | | 
generator aie Boch aa aS Type | Make Type | base | ber ber | Di- | curve | Type | Make Si 
| | a driving) idling | am. leave | | 
Type Make | Type ee ie unit (pairs ) (pairs) | aS | 
(27) (28) | (29) 30) | (2) | 3) (34) (35) (36) | nm) | Sy | ~S) (40) | (41) | @ 


| 


ROAD PASSENG 


: 
Alco-G. E. (American Locomotive Co., and General Electric ‘ 


Baldwin Locomotive Works, Eddystone, Pennsylvania. 


| 
6 


471 W. NaGe We | 4 370 W. Se Bann) -6r 2 I AS LOOM R= ae ames 
54-B | | ’ 
legal | 
| 
| 
| | 
| | 
Electro-Motive Division, General Motors Corporation, La Grange, Illinois. | 
Comb. Own | D.C. D. 4 DiC Own (1) 14-1"; 4 Py | BGI =| Oat 
INCADYE Shunt Series | = ae ae &. 
! i | 
(1) | 
| ae: | | 
putea a 5 EL} = = i | | 
Fairbanks, Morse & Co., Chicago, Illinois. (See also Models Alt. 100.3 (2.000 HP) — and CP 16-4 (1 600 HP) under Road 
| 299 W. SOG W. 4 370 W. SB. WA A | 1 |, 42” | 97305 RoR ee 
54-B (3) (1) | | x 
15'-6" | | | 
498 Wael Gal aw. Wesco ree lects | | | 
: G. ‘ B. 9'-4"” ae ah | aay 273° 
54-4 ey 1 @) | | amar” et 
15’-6" | | 
(2) | | | | 
498 W. Y-Ge W. 4 370 W S.B. 9'-4" Ai ite | ae DBO Re Be TE 6 1 
54-A Gow | | |S 
15’-6" | | / 
(2) | | 
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Exhibit « A » 
Sheet 6 of 7 


)MOTIVES 


sctady, N. Y.) (Latest data not available at press-time.) 


SPEED AUXILIARIES SUPPLIES 
Starte Air co : 
1} Cont. | Cont. i : ne —— Traction Air || Lub; |) Buel pe Htg. | Sand 
| trac- | rat- | Max. | ee eee brake | oil oil ing boiler | cap. 
tive ing | speed city OWers sched.} cap. | cap. water | (cu. 
| effort | MPH | MPH | TYP€ | Make | Type SHES (CIS (gals) | (gals) | “ap. | cap. oD 
| lbs.) MOF eM (gals) | (gals) 
(46) | (47) | (48) | (49) (50) | (DE 5.62) G3) ie S4)) 123) (S7) | G8) 


42 800} 14.5 | 65 Elec. | Gould] 3-CD |W A B| 262 |Mech.| S. |24-RL| 340 | 1200| 550 |1450| 30 
37 200) 16.8 | 75 Bty. or @e | Gre — driven D.B. 
| 32 200) 19.5 | 82 Exide [W X O| G.D. | 
)| 30000] 20.7 | 87.5 
28 100| 22.0 | 93.5 
1} 26 400) 23.0 | 100 
| 24 800) 25.0 |106 
| 23 300| 26.5 |113 
p22 000| 27.5 |120 
)|27000| 26 85. | M.G.) Own | @)) | G.D. | 178 (1) | Own |24-R L] 330 | 1 200] 400 (3) 16 
|} 25000] 28 | 92 | | DB. 
2/23 500! 30 98 | 
5119500) 36 | 117 | | | 
10tives) 
32 200| 15.5 | 88.2 |M.G.| W. | 3-CD |W A Bl 262 w @ |24-RL| 300 | 1200] 310 |1400| 20 
|| 28 200} 17.8 | 100.8 | 1)18 
24 800) 20.2 | 114.4 | | 
)} 32 200) 19.5 | 88.2 |M.G.' W. |3-CD|WAB) 262 a @ |24-R LI 350 | 1200) 330 | 1400] 20 
|| 28 200; 22.4 | 100.8 | | D.B | 
24 800) 25.4 | 114.4 | 
| 32 200] 23.4 | 88.2 | | 
|| 28 200! 26.8 | 100.8 
1/24 800) 30.4 | 114.4 
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SPECIFICATIONS OF 


ec 


ELECTRICAL EQUIPMENT TRUCKS 
Generators : Traction mtr Ih : Wheels _ | “4 b 
Main | Auxiliary joel | | Wheel | Num- Num- aia 
generator generator Type | base | ber | ber | Di- | 
| ne | Hyg | Make dovinel idling | am. ie je ape Mak 
Type Make | Type | Make | unit | | (pairs ) (pairs) poo | | 
(27) (28) (29) | (30) CHmimG2) | (33) (34) (35) | (36) | (37) | G8) | G9) (40) | a) 


COMBINATION ROAD-SM 


Alco-G. E., Schenectady, N. Y. (Latest data not available at press time.) 


' 
2 = : | 
: 
Baldwin Locomotive Works, Eddystone, Pennsylvania. | 
47\ W. Ye Game 4 S70) || NW Se, | GeO Zh il iNwmae |) 22" | a0 | So} * | 
| 42-B | | | | 
| | | | 
471 Ww. NAGE Ww. ay | BO W. S.B. | 9’-10’ 4 |None| 42” 30° SL 4 
42-B | | | | | | 
471 Ww. YEG. ew, k od 370 W S.B 11-6" 4° yi 2 i x42 | 30° S * 
42-B | | | | | 
471 W. Y.G. | WwW le 370 | Ww. Sole | Me aE 42" 30° |S. ae 
42-B | | | | | 
471 W. Y.G. | W. 6 | 370 | W. Rigid | 13’-0" | 6 | None | 42” 30° S ES 
42-B | | | | | 
47\ W NAGaa es 6 | 370 Ww. Rigid | 13’-0" leads | None | 42” | SOCm eS: «| 
42-B | 
| | 
480 W. aGe Ww. © | BHO W. Rigid | 13’-0"| 6 |None| 42" 30° Ss. ” 
42-B 
480 WwW Y.G W. 4 362 | w. SEBO cL Oa ae None | 42" 30? | S. 4 
42-B | | | | 
| | 
| | 
480 W. Grae A i OF S.B. | 9’-10" 4 None | 42” 30° |. 5) a 
42-B | | | | | 
ane eer Bee 
Abbreviations and notes : pensated; (3)—Swing bolster, drop equalizey 
Col. 35 : (1)—front 4-wheel truck; (2)— 
Col. 27 : (1)—A.C. generator—variable frequency ; (2)— truck. a | 
D.C. traction generator, fully compensated. Col. 40 : R.B.—roller bearing; S—soli in 
Col. 28 and 30 : W—Westinghouse; D—Delco. Col. 41 : *—optional. ne: Sees bea 
Col. 34: S.B.—Swing bolster; (1)—Flexible with out- Col. 47 : M.G.—main generator. 
side swing hangers; (2)—Swing bolster, fully com- Col. 49 : (1)—2 stage, 3 cylinder, air cooled 
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C LOCOMOTIVES (continued). Exhibit « A » 
Sheet 6 of 7 


SPEED AUXILIARIES SUPPLIES 
Starter Air com : | | | EB 
‘ont. | Cont. = ep ractiornid| Air | Lub. | Fuel | aoe Htg. | Sand 
tac-  rat- ee | | Capa- nore brake | oil oil | ing | boiler | cap. 
uve | ing | spee Type | Make | city aS ‘sched. cap. | cap. water | (cu 
fort | MPH | MPH| /¥P° | unpellbige a Oe (gals) cals) ane capita) 
4) | (45) | G6) | 47) | G8) | 49) | (0) | GI) | G2) (53) | G4) | (5) | (56) GD) | G8) G9) 
"ER) LOCOMOTIVES 
2800) 10.5 65 | Elec. | Gould| 3-CD |W AB} — | Mech. S. | 6-DS]| 200 900 | 300 | None} 30 
00) 122) 75 | Bty:| or | or | GD | |D.B.* (4) 
2200) 14.0 | 82 | Exide |W XO | | . 
2800} 10.5 65 | Elec. | Gould! 3-CD ;W AB) — | Mech. S. | 6-DS]| 200 | 1000] 300 | 900 30 
7200) 12.2 75 Bty. or or | GID ID)I5} & 
2200) 14.0 82 Exide |W X O| | 
2800' 10.5 65 | Elec. | Gould) 3-CD |W A B| — | Mech.| S. | 6-DS | 200 900 | 300 | None} 30 
| Bty. | or - | ‘or GD | | (DIR, & (4) 
| | | Exide |W XO | 
2800} 10.5 | 65 | Elec. | Gould) 3-CD |W A B) — | Mech. S. | 6-DS | 200 | 1000} 300 | 900 aso 
| iBinve, || Gye or GD} jD.B. * | 
| Exide |W XO 
4200) 6.6 60 | Elec. | Gould) 3-CD |W AB) — | Mech. S. | 6-DS| 200 | 1 900} 300 | None} 30 
| | Bins | OF | OF |) GAD DB ee (4) 
| | Exide |W X O | | ! 
+200| 6.6 | 60 | Elec. | Gould) 3-CD |W AB) — | Mech.| S. | 6-DS | 200 | 1000; 300 | 900 30 
| | Biye) Or ela Ore G1D | D.B. * 
| Exide |W X O | 
4200) 9.4 60 | Elec. | Gould) 3-CD |W A B|, — | Mech.| S. | 6-DS'| 340 | 1500| 500 | None! 45 
| Bty. | or On EG ID | D.B. * | 
Exide W XO | | | 
2400; 9.5 | 60 | Elec. | Gould) 3-CD|WAB) — | Mech) S. | 6-DS| 170 900 | 250 | None} 30 
| Biya or or | GD | Dy Baa | (4) 
| Exide |W XO) | | 
2400 9.5 60 | Elec. | Gould] 3-CD |W AB} — | Mech. S. | 6-DS| 170 | 1000| 250 | 900 30 
| | Bty. | or or |GD DSBs | 
| Exide |W X O} 


2 stage, 2 cylinder, water cooled. braking available if no boiler is applied. 

): WAB—Westinghouse Air Brake; G.D— Col. 58 : (1)—A-unit Vapor 800 gals when dynamic 
mer Denver. brakes not supplied; (2)-B-unit Vapor 2000 gals when 
1: (1)—Vane type, engine driven; (2)—Niagara dynamic brakes not supplied; (3)—Vapor 1 950 gals 
a when dynamic brakes not supplied; (4)—Boiler and 
}: S—Sturtevant. water can be applied as a modification; (5)—Heating 


4: D.B.—dynamic braking; D.B. *—dynamic water increases weight given. 
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8. Name of the system of drive. 


9. On how many vehicles is this system installed? 


Commencing year. 
Arrangement of axles. 


10. Types under construction or in design, number of vehicles. 


ADMINISTRATION 


London Transport 
Executive 


Aprin 195 


: 


Electric locomotives 


Name of system of drive. 


No. of vehicles Tube 
in service Surface 
Commencing Tube 
year Surface 
Arrangement Tube 
of axles Surface 
Types and No. Tube 
under . Surface | 
construction 


Diesel electric 


British Railways 
(Southern Region) 


Non resilient straight spur 
gear and pinion drive 


Name of system of drive. 


from axle hung, nose 
suspended motor. 
No. of vehicles in service. 3 
Commencing year. 1945 
Arrangement of axles. Co + Co 
Types and No. under con- 
struction. None. 


British Railways 


(Eastern Region) 


Name of system of drive. 


No. of vehicles in service 
and commencing year. 


Ceylon Government 
Railways 


Name of system of drive. 


No. of vehicles in service. 

Commencing year. 

Arrangement of axles. 

Types and No. under con- 
struction. 
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il drive. 


\tiple unit electric | Multiple unit Diesel 


: Diesel electric rail cars | iesel electri 
- motor cars | electric motor cars | Diesel electric shunters 


ssilient helical gear | | 

pinion drive from > | 

hung, nose suspen- | 

traction motor. | 

350 motor cars. | 

‘55 motor cars. 
1938 


1936 | 
—Ao + Ao — 1 | 
—i1+4+1—Ao 


with similar drive. 
with similar drive. 


| 
esilient straight spur | | 


r and pinion drive | 
n axle hung, nose 

yended motor. 

1073 | | 

1915 | 

Bo + 2 | 

| 


None. 


ht spur gear with | 
> hung motor. | 
2 (Tydeside Lines). | 
2 (1 *pool St.-Shenf.) | | | 


| 
Non resilient straight spur | Non resilient straight spur 
gear and pinion drive gear and pinion drive | 
from axle hung, nose from axle hung, nose | 
| suspended motor. | suspended motor. 
| 12 cars 11 cars | 
1938 | 1947 | 
| | 
| None. | None. 
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ADMINISTRATION 


Pennsylvania Railroad 
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AprRIL 1950 


TYE 


Electric locomotives 


Geared quill drive by frame 
mounted motors with 
resilient drive to axle by 
rubber cups or springs. | 


Name of system of drive. 


No. of vehicles {| Passenger 139 
in service Freight 92 
Commencing Passenger 1930 
year Freight 1931 
Arrangement Passenger 2—C+ C—2 
of axles } Freight 2—C—2 
No. under construction. 4 


Diesel electric locomoti 


Non resilient straight s: 
gear and pinion d 
from axle hung r 
suspended motors 


British Railways 
(London Midland Region) 


Name of system of drive. 


No. of vehicles in service. 
Commencing year. 

Under construction. 
Arrangement of axles. 


Victorian 
Government Railways 


Name of system of drive. 


No. of vehicles in service. 
Commencing year. 
Arrangement of axles. 
Under construction. 
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—— ——— ——————— ~ 


Multiple unit Diesel 


Multiple unit electric 
motor cars electric motor cars 


ilient straight spur gear | Non resilient straight spur | Non resilient straight spur 
ad pinion drive from | | gear and pinion drive} gear and pinion drive 
xle hung nose suspen- | | from axle hung,nose sus- | from axle hung,nose sus- 
2d motors (resilience | pended motors. , pended motors. 
btained with springs). | 
| | | 
385 22. | 428 
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11. General arrangement drawings of the drive. 
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12. One hour torque at the maximum speed in s 
14. What is the arrangement restraining the 


15. Vertical forces due to the drive. 
16. Transverse play of the axles in relation to the bogie. ; 
17. Angular play in the horizontal plane of the axles in relation to the bogie. 
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ervice and under maximum tractive effort. 
lateral movement of the motor? 


Typ! 


— - 4 


Electric locomotives 


| 
| 


Diesel electric locomo| 


ee ae | SN ee 


London Transport 
Executive 


British Railways 
(Southern Region) 


British Railways 
(Eastern Region) 


One hour torque. 
a) A 1 hr. speed { Tube 
Surface 
b) Max. torque ( Tube 
at max. speed } Surface 


c) Torque at Tube 
igmeoe, We, 1B Surface 

Method of restraining 
lateral movement of 


motor. 


due to drive 
(torque react.) Surface 
Transverse play of axle in 
relation to bogie. 
Angular play (horizontally). 


Vertical forces ee 


One hour torque at | hour 
rating. 

Method of restraining la- 
teral movement of the 
motor. 


Vertical forces due to drive. 


Transverse play of axle in 
relation to bogie. 


Angular play (horizontally). 


One hour torque at max. 
speed. 

Method of restraining la- 
teral movement of motor. 

Vert. force due to drives, 

Transverse play of axle 
angular play. 


126 000 kg/cm. | 
White metal collars on axle | 
mounted motor suspen- 
sion bearings acting on | 
wheel centre bosses. 
No information available 
Ist & 3rd axles 2nd axle.| 
Normally 1.5mm 20mm _ 
Maximum 4.5mm _ 25,4 mm, 
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{ultiple unit electric 
| motor cars 


15 300 kg/cm 
15 200 kg/cm 
1 475 kg/cm 
1 640 kg/cm 
22 450 kg/cm 
21 850 kg/cm 
‘motor case is bolted 
zidly to the suspension 
seve which runs on rol- 
- bearings mounted at 
ch end. Side play 
ries between .25 mm 
id .38 mm. 
que at wheel tread) 
/191 kg 


que at wheel tread) | 


/239 kg 
Normally 5 mm 
Maximum 9 mm 

0° 16’ 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars | Diese] electric shunters 


35 000 kg/cm 
te metal collars on 
le mounted motor sus- 
msion bearings acting 
1 wheel centre bosses. 
information availiable. 


Normally 3.18 mm. 
Aaximum 6.36 mm. 


ist faces of suspension 
arings. 
6 220 kg max. 
4 mm 
0° 5’ (Total) 
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Electric locomotives 


Diesel electric locc 


Ceylon Government 
Railways 


One hour torque. 

Method of restraining la- 
teral movement of the 
motor. 

Vertical 
drive. 

Transverse play of axle. 

Angular play of axle. 


forces due to 


Pennsylvania Railroad 


One hour torque. 

Method of restraining la- 
teral movement of mo- 
tor. 

Vertical forces due to drive. 

Transverse play of axle in 
relation to bogie (Total). 

Angular play of axle. 


| Not determined. 
Motor fixed to loco. frame. 


No information available. 


9.5 mm 


Qemaxe 


| 
) 
| 
| Inside of wheel hi 
) 
i 


Not determined. | 


9.5 mm 


6’ max. 


British Railways 
(London Midland Region) 


One hour torque. 

Method of restraining 
lateral movement of mo- 
tor. 


Vertical forces due to drive. | 
Transverse play of axle in | 


relation to bogie. 
Angular play horizontally. 


Victorian 
Government Railways 


One hour torque at : 
a) | hour rating. 

6b) maximum speed. 
c) maximum T. E. 


Method of restraining 
lateral movement of 
motor. 


Vertical forces due to drive. 

Transverse play of axle in 
relation to bogie. 

Angular play horizontally. 


| 
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3 ‘ Pa 
Multiple unit electric | 
motor cars | 


information available. | 
tor supported on bear- 
1gs mounted on the axle. 


n 5 E, | 
information available. 


3.175 mm 


t determined. | 
ide of wheel hub. | 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


—_—— i > F 


No information available. 
Motor supported on bear- 
ings mounted on the axle. 


No information available. 


Diesel electric shunters 


Not determined. 
Inside of wheel hub. 


Not determined. 
Inside of wheel hub. 


9.5 mm 


18’ max. 


nges and collars 
uspension bearings. 


on 


6.35 mm (normally). 
6.8 mm (maximum). 


49 400 kg/cm 
6 670 kg/cm 
76 200 kg/cm 
nged suspension bear- 
ings. 


pension bgs. + 3.090 kg 
tor nose + 2.100 kg 
(Total) 6.35 mm 
0° — 15’ — 30" 


13. Details of the maintenance 
18. Have you given up some arrangements of dri 


ADMINISTRATION 


work on the drive — maintenance intervals. 
ye? Which and for what 


reason and from what date? 


Ty 


Electric locomotives Diesel electric locor 


ee ee a i 


London Transport Lubrication. 
Executive Inspection. 
Overhaul. 


Details of overhaul. 


Drives given up. 


Lubrication. 
Bearing clearances checked. 


Drives given up. 


British Railways 
(Southern Region) 


As required. 
160 900 km 
None. 


Maintenance. 


British Railways 
Drives given up. 


(Eastern Region) 


Lubrication. 
Overhaul. 


Ceylon Government 
Railways 


Drives given up. 


Pennsylvania Railroad Lubrication. 
Inspection : Passenger 
Freight 
Overhaul : Passenger 
Freight 


Details of overhaul. 


Drives given up. 


| 
j 
| 
1 
| 
As required. | 


As required. 


Monthly. 225 000 km 
Monthly. 129 000 km | 

650 000 km 1 609 000 km| 

610 000 km 1 609 000 km) 

The following parts are | Gears and _ piniy 


renewed as necessary : renewed as Dj 

Driving cups ot springs, | 
rings, wearing plates, j 
wheel centres, spiders, 
quills, pinions, etc. 

(1) March (4 pin flexible 
link). 

(2) Buchli (link). 

(3) Milwaukee. | 

(4) Balanced yoke (invert- j 
ed flexure). 

(5) Geared jack shaft. 


None. | 


These were given up due to difficulty of mainte 
Since 1946 rubber cups have been substituty 
of the rubber does not damage the rest of the’ 


Lubrication. 


g British Railways 
: (London Midland Region) 


Drives given up. 


Maintenance. 


Victorian 
Government Railways 


Drives given up. 


2 
iS 


(ee eee anne A A a al 


iple unit electric 
motor cars 


5. every 12 weeks. | 
Monthly. 

321 800 km 

nd pinions are re- 

J as_ necessary. 

tht spur gears re- 
1 by helical in 1935, 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


| 


\s required. 


160 900 km 
None. 
None. 
— — — —— — =~ = — 
Weekly. Weekly. 
1500, 4500 & 6000 h. | 1500, 4500 & 6000 h. 
as per schedule. as per schedule. 
None. None. 
8 100 km | Monthly & 81000 km Monthly & annually. 
4 years. 4 years. — 


llowing parts are 
‘ed as necessary : 
pinions, centres, 
ing plates, etc. | 


None. 


iad no basic advantage over simpler types. 
35 in the existing quill drive because wearing 


Gears and pinions are 
renewed as necessary. 


None. 


| Gears and pinions are 
renewed as necessary. 


None. 


reased at 50 day 
nation. 
None. 


c fracture test at 
ly intervals. 
None. 


7 SS TE ET ET DY TE 


20 
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19. Results obtained with the driving arrangements (maintenance, purchase price and behaviour ). 
——————— es 


ADMINISTRATION 


London Transport 
Executive 


Present drive-maintenance. 


Ty} 


Electric locomotives 


Diesel electric loco! 


, Tube 
Purchase price Surface 
British Railways Present drive : 
(Southern Region) Maintenance. Very low. 
Purchase price. — 
Behaviour. Very good. 


British Railways 
(Eastern Region) 


Present drive. 


Ceylon Government 
Railways 


Present drive. 


Pennsylvania Railroad 


Present drive. 
Cost. 


| 
The present aal 
unknown. 


British Railways 


(London Midland Region) 


Present drive. 
Maintenance. 
Purchase price. 


Victorian 
Government Railways 


Present drive. 
Maintenance. 
Purchase price. 
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iple unit electric 
motor cars 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


yeral trouble has 
experienced with 
of modern design. 
roller bearing sus- 
yn sleeves wear on 
‘eth has been mar- 
less, provided that 
iterchange between 
ind pinion is allow- 


(£6 Gear £ 27. 
eo Gear £ 33. 


Very low. 


Very good. 


' 
Satisfactory. 


tory & trouble free. 
Unknown. 


594/52 


BULLETIN OF THE INT. RatLway CONGRESS ASSOCIATION 


Aprit 1950 


20. What is your experience of the riding of the motor vehicles on the road (where it concerns the cons 
Department? If not, what is the point of view of the Permanent Way Department? What is that of ti 


ADMINISTRATION 


London Transport 
Executive 


W 


Electric locomotives 


Riding. : 
As affected by type of drive. 
a) C. M. E. Dept. 


b) P. W. Dept. 


Diesel electric locc 


British Railways 
(Southern Region) 


Riding. 

As affected by type of drive. 
a) C. M. E. Dept. 
b) P. W. Dept. 


Very good. 


Averse to unsprung weight. 


British Railways 
(Eastern Region) 


Ceylon Government 
Railways 


Riding. 
As affected by type of drive. 
a) C. M. E. Dept. 
b) P. W. Dept. 
(i) Tyneside. 
(11) Liverpool St.-Shenf. 


Pennsylvania Railroad 


British Railways 


(London Midland Region) 


Riding. 

As affected by type of drive 
@)) (Cy Wil, Ve, IDeyor. 
b) P. W. Dept. 


Victorian 
Government Railways 


Riding. 

As affected by type of drive. 
a) C. M.E. Dept. 
b) P. W. Dept. 
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lual drive)? Does your reply on the subject take account of the point of view of the Permanent Way 


»partmen: ? 


ple unit electric 
notor cars 


per bogie is con- 
1 superior to 2. 
>. G. & unsprung 
_ is considered to 
3e impact shock at 
ints which causes 
bolster oscillation. 
'f motored vehicles 
idered to be harsh- 
in trailer vehicles 
ack wear is greater. 


Multiple unit Diesel 
electric motor cars 


| Diesel electric rail cars 


Diesel electric shunters 


fery good. 
0 unsprung weight. 


atisfactory. 


atisfactory. 
Isceptible to bad 


nparison can be | 


as there is only 
pe in use. 


21. What are the proved advantages or disadvantages from the point of view of the maintenance of the tre 
What is the influence of the diameter of the wheels on the deterioration of the track at high speeds? 
22. Have you yet made tests of the vehicles while running and measured forces between wheel and rail: 
1. With nose suspended motor. — 2. With motor having flexible drive. 
What are the results of these tests and method of measurement? 
Can you give sources of data concerning theoretical calculations of the forces between rail and wheel o 


(See also 


ee ss 
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London Transport 
Executive 


Electric locomotives Diesel electric loco! 


Effect of electric vehicle on | 
track maintenance. | 


Wheel size. 


Tests. 


British Railways 
(Southern Region) 


Effect of electric vehicle on | Track wear is greater due 
track maintenance. to increased service in- | 
tensity and to higher 
load/dia. ratio of motored 
wheels. 


Wheel size. — 
Tests. None. 


British Railways 
(Eastern Region) 


Effect on track. 
Wheel size. 
Tests. 


Ceylon Government 
Railways 


Effect of electric vehicles 
on track maintenance. 
Wheel size. 

Tests. 


Pennsylvania Railroad 


It is considered that track maintenance 
less wheel slip. 

For larger wheels the stress in both the wh 
See «exhibit B » « Brinell Hardness i 
It would appear from this test that a lateral] 


Effect of electric vehicle on 
track maintenance. 
Wheel size 
Tests. 


British Railways 
(London Midland Region) 


Victorian 
Government Railways 


Effect of electric vehicles on 
track maintenance. 


Wheel size. 


of electric motor vehicles? 


yjuch calculations or results of tests to your reply? 
nd 60.) 


tiple unit electric | Multiple unit Diesel 


: Diesel electric rail car | i i 
Bator cars Bikciio motor Cars esel electric rail cars Diesel electric shunters 


years that electric | 
: requires a higher 
se of track mainten-— 
than steam stock | 

he same degree of | 
ort. 
wheels give less 

joint shock. | 
None. 


wear is greater due | 
creased service in- | 
ty & to higher load/ | | 
ratio of motored | 
Is (SR. Appendix.) | | 

| 


None. | 


ctric vehicles as compared with reciprocating steam locos due to absence of dynamic augment and 
ed. These stresses increase with speed, due to impact at rail joints. 


s advantageous in reducing lateral forces. 


comparable data. _ 
comparable data. | 
None. 


is greater due to 
sased acceleration 
braking rates. | 
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Attachment to 
Questions 22 and 60. 


EXHIBIT «B» 


The Pennsylvania Railroad. 


In connection with electric road locomotives only, which locomotives have motors 
with flexible drive, track tests at intervals from the year 1933 to 1938 were conducted 
to determine just what action was occurring with the various designs of these locomotives 
in damaging the track by excessive lateral blows. The data from these tests are volumi- 
nous. Brinell track test and electric strain gauge tests were run. 


The Brinell Test Track was installed at Claymont, Del. It consisted of a stretch of 
track 440 feet long, laid on steel ties, in which all the lateral support for the rail passes 
through hard steel balls bearing against soft steel impression plates. The lateral force 
against the rail is measured by the depth of the impression that each ball makes in the soft 
steel plates. The track was deliberately made very rough in order to represent a track 
condition that might conceivably exist some time in the future and result in the rail being 
pushed out of line by locomotives of undesirably high lateral thrust characteristics. The 
track condition was admittedly artificial, the roughness consisting of vertical humps which 
were plainly seen. In actual track unusual roughness is usually the result of soft spots which 
are not particularly noticeable but which become vertical depressions under the weight 
of a passing locomotive. 


A comparison of the locomotives tested over the Brinell test tracks was determined by 
the speeds at which the various locomotives produced a maximum depth of impression 
of 0.05 inch, which was arbitrarily set as the limit beyond which it was not advisable to go. 


These tests show clearly the improvement in the running qualities of the modern electric 
locomotives over those of the older ones such as the original Ole and P5a locomotives 
(referred to in tabulated answer to Question 6) built in 1931 and 1932 respectively. When 
these locomotives were modified by changing their equalization and increasing the lateral 
resistance of the engine trucks, by lateral resistance type bolsters and the truck coupled 
in the lateral plane by a spring cushioned restraint arrangement, their speed was increased 
about 20 m.p.h. for the same lateral blow on the track. 


A P5a locomotive experimentally equipped with a lateral motion cushioning device at 
the front and rear driving boxes dit not show as good a performance over the Brinell track 
as it did without this device. 


Another series of tests was made using electric strain gauges which, instead of measuring 
the lateral pressure at the rail, the lateral pressure between the frames and wheels was 
measured. This lateral pressure bent a small weight bar, the strain in which operates an 
electric strain gauge and is recorded by an oscillograph. 


Continuous measurements were obtained over selected stretches of track between Wilm- 
ington and New York aggregating about 60 miles in length and the results reduced to the 
basis of a 200 mile run for comparison. 


The force measured at the wheel hub should correspond to that produced at the rail 
head, except such force as is required to overcome the inertia of the wheels and axle. If 
the force is of short duration it is possible that a large part of it is used to overcome the 
inertia of the wheels and axles and never reaches the rail. Nevertheless the strain gauge 
method probably gives a fair comparison of the forces produced on the rail over which 
different test locomotives were run. These tests were made over track that was satisfactory 
for high speed operation, and was much smoother than the Brinell Test Track. 
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At times, the only comparison possible between different locomotives was based on 
strain gauge tests run in different years, and analysis of the records indicates that there 
was considerable difference in the condition of the track when the two runs were made. 


A comparison of all the locomotives tested by this method was on the basis of the number 
of blows for each magnitude of blow from 16 000 lbs. to 40 000 Ibs. in increments of 2 000 
lbs. made on a 200 mile run by each locomotive. All runs except those of the P5d were 
made at a constant speed of 90 m.p.h. The P54 was run at 70 m.p.h., its maximum speed. 


The results indicated that the GG1 locomotive was a little better than the DD2, and 
DD2 considerably better than the P5a. 


The P5d when tested at 70 m.p.h., its maximum speed, was a little better than the P5a 
running at 90 m.p.h. 


The P5a with the experimental lateral cushioning device at the front and rear driver 
boxes was much better than the P5a tested without it at the same time. This comparison 
was not confirmed by the tests over the Brinell track, but it should be noted that the Brinell 
Track was very rough while the strain gauge tests were run over comparatively smooth 
track. It is quite possible that the small amount of cushioning provided by the experim- 
ental device on the P5a would be very effective on track in good condition but is not large 
enough to be of much value when tested over the rough Brinell Test Track. We can give 
no sources of data concerning theoretical calculations. 


Attachment to 
* Questions 22, 58 and 39. 


APPENDIX 1. 
British Railways (Southern Region). 


Maximum wheel/rail contact pressure produced by maximum static working loads. 


Maximum 
Dia. contact surface 
Type Wheel of wheel pressure (radius 
of locomotive or Wheel load d of rail head 
stock P tons inches Ratio |= 9° and unworn 
tyre) tons per 

square inch. 


Steam stock. 
Merchant Navy. 
(Nos. 35011-35020) Tender 3 
Driver 2 
Driver | 
Tender | 
Trailing 
pony 
Tender | 
Trailing 
pony 
Driver 2 
Trailing 
pony 
Bogies 
Drivers 
Driver 3 
Drivers 
Driver 2 
Q. 1 Driver 2 
Merchant Navy Drivers 
iB NS) Driver 2 
V. (Schools) Driver 


Trailing bogie 
Driver 
Bogies 
Bogies 


Electric stock. 
Units 3001-3020 Brighton 
Main Line 


79.1 (100% overload) 
: 78.6 (50% overload) 
Units 3073 - 3085 Ports- 


mouth Main Line .... 78.6 (100% overload) 


77.7 (50°% overload) 
: 76.6 (full load) 
Units 2001-2152 Suburban | Motor bogie : : 77.3 (100% overload) 
—d : 76.6 (50°% overload) 
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Attachment to 
Questions 22, 58 and 59. 


British Railways (Southern Region). 


We have not carried out any laboratory tests to measure the static contact pressures, 
but in order to compare the maximum dynamic loads applied to rails by multiple unit 
motor bogie wheels and main line steam locomotive wheels at similar speeds, an ana- 
lysis has been made of the results of tests carried out at Byfleet by the Building Research 
Station in March 1948, for the purpose of recording under traffic the bending stresses 
in head and foot at various parts of a rail, and the web stresses at joints. 


Electrical resistance strain gauges were fixed to the rails at 17 different positions on 
each of four rails, and some 2 800 strain values were measured from the oscillograph records. 


Since the bending stresses in a rail are roughly proportional to the single wheel loads 
producing them, it was possible for each of the 17 gauge positions to compare the heaviest 
dynamic loads applied by the electric motor bogie wheels with those applied by steam 
locomotive wheels running over the same locations at roughly the same speed. These 
ratios (electric/steam) were found to vary between 1.021 and 0.480, the average being 


0.726. 


Taking the respective wheel diameters into account and assuming new tyres in all cases 
for uniformity of comparison, the corresponding electric/steam ratios of maximum contact 
pressures were found to lie between 1.203 and 0.756, the average being 1.099, i. e. the 
maximum contact pressures applied by the motor bogie wheels were on the average 10 % 
higher than those applied by the locomotive wheels. 


No corresponding results for electric locomotives were obtained during this test. 


With regard to the request for « source of data». Attached as Appendix 2 are the 
calculations (and graph referred to therein) by which the contact pressures have been 
obtained. 
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Attachment to 
Questions 22, 58 and 59. 


APPENDIX 2, 
Fundamental principles. 


If two bodies having the same Modulus of Elasticity E and Poisson’s ratio o bear one | 
upon the other with a force of P tons, and if the principal radii of curvature of the surfaces | 
at the point of contact are for one body 7; and r1, and the other 72 and r7!, and ® the angle | 
between the planes containing the principal radii r; and rz then the theoretical shape of | 
the area of contact is an ellipse whose semi axes «a» and «b» have for expression — 


°lp | 
n 


js) == 6), 
4 
where m = F ce i 1 and = - Ee ae | 
+at¢st+5 ee eee 


r ge ed iy ip) : 
and where « and # have values expressed by the graph in fig. | in function of the angle 9 


AT Q —— ni 9 A : 
When cos 4 ri 4 ry ro! 2 te rly] \ro rol cos 


The radii of curvature are considered as positive when the centre of curvature is to | 
be found at the interior of the body under consideration. 


: 
i 
; 
{ 
| 
The maximum vertical pressure at the centre of the surface of contact is 


eee 
Pm 
A, == 8, eis 
n 


3 ® 
BSS ae 
Applying these principles to the contact between an unworn tyre and a rail : 
r; = radius of running surface of rail head (Average 9” whether new or worn). 
u = 
i = ate of tyre (inches) 
ii == 66) 
© tia 7 = eee 
1 ] 
Bo Gy bh 7 
and cos § = a : ;) = 202 
4\9 19 1 
eee 
Also E = 13 200 tons per sq. inch. 
and c= (0.3 
x 1132200 
© thai @ = at = 0.09) = 19 340 


Hence for any value of 72, 8 can be calculated and the values of « and 6 obtained from 
the graph. 


Hence the values of a and b can be calculated, and substituted in the formula : 
3 P 


Pmax. Sa 
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1. 
2. 
>. 


ANGLE @ beGrees 


s 1o 1s ao 275 ao a5 +o 46 ge 
CONSTANTS & AND B 


Bigs 4: 
Questions Nos. 22 and 60. 
Sources of data concerning forces between rail and wheel. 
Bulletin of the I. R. C. A., December 1937. 
Proceedings of the American Railroad Association. Vol. 46, 1945. 


« Movement of Railway Vehicles on the Track and forces arising therefrom ». Institu- 


tion of locomotive engineers. (Paper read 31-10-1945). 


4. « Rail and Wheel ». W. C. Cushing. A. R. E. A. Bulletin No. 315 — Chicago, 1929. 

5. « Adhesion and friction in Rail Traction » — Koffman. Institution of Locomotive 
Engineers’ Journal, 1948. 

Oo» A. R. E. A. Track Stresses Reports 1 — 6. Chicago, 1933. 


7. India Railway Department — Track Stress Research. Progress Reports Vols. I and II. 


Calcutta, 1939. 


8. Introduction to Railway Mechanics. — V. G. Lomonossoff. (O. V. P.), 1933. 


9. Hammer Blow in Locomotives. — Colam and Watson. (Proc. I. M.E., (London) 


10. 


El. 


2. 
iS. 
14, 


Vol. 146 — 1941.) . 


Mechanics of a Locomotive on a Curved Track. — Porter. (Proc. I. M. E. (London) 
Vol. 126 — 1934.) 


Problems of Railway Mechanics. — G. V. Lomonossoff. (Proc. I. M. E. (London) 
Vol. 120 — 1931.) 


Mastering Momentum. — L. K. Sillcox. (Simonds and Boardman, 1941). 
Vibration of Road and Rail Vehicles. — B. S. Cain. (Pitman — New York). 


Lateral Oscillation of Railway Vehicles. — R. D. Davies. (Proc. I. C. E. (London) 
WoleLieFebs 1939:) 
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23. What is the trend of your ideas for the future? 
24. Have you any special remarks to make? 


ADMINISTRATION | 
Electric locomotives Diesel electric locc 
| 
London Transport Trend of future ideas. 
Executive 
| 
British Railways Trend of future ideas. A flexible drive is desirable 
(Southern Region) for speeds over 121 km/h. 
British Railways Trend of future ideas. 


(Eastern Region) 


Ceylon Government Trend of future ideas. 
Railways 
Pennsylvania Railroad Trend of future ideas. A trend towards axle hung 
motors owing to ease of 
maintenance. 
British Railways Future trends. 


| (London Midland Region) 


Victorian Future trends. 
Government Railways 


Apri 1950 BULLETIN OF THE INT. RaiLway Concress ASSOCIATION 605/63 


SS ES SS SSS SSS 


cle 
ye unit electric Multiple unit Diesel : Pier: ‘ : 
Mr cars Iee mOtobears Diesel electric rail cars | Diesel electric shunters 


\ a a 


n reduction of 
ng weight consist- 
h minimum cost, 
um reliability and 
‘maintenance. 


: drive is desirable 
21 km/h. 


fo change. 


To expand Diesel service. 


No change from present practice (axle hung motors) 


implicity of nose 
ded motor as far | 
sible. 


unit stock with | 
uspended traction 


oo TT en ll 
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ADMINISTRATION 


London Transport 
Executive 


Axle boxes. 


Motor position. 
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Electric locomotives 


Diesel electric lo: 


British Railways 
(Southern Region) 


Axle boxes. 


Motor position, 


With axle mounted motors, 
only outside axle boxes 
are possible. 

The motors should be as 
low as possible. 


British Railways 
(Easiern Region) 


Axle boxes. 


Motor position. 


Ceylon Government 
Railways 


Axle boxes. 


Motor position. 


Pennsylvania Railroad 


Axle boxes. 
Motor position. 


Outside axle boxes are used for accessibil 
Preference for motor at axle level, but in 


British Railways 
(London Midland Region) 


Axle boxes. 


Motor position. 


Victorian 
Government Railways 


Axle boxes. 


Motor position. 
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tiple unit electric 
motor cars 


axle boxes for 
sibility and space 
1otors and drive. 
gies under vehicles, 
ts must be low. 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


dle mounted motors 
outside axle boxes 
/ossible. 

dtors should be as 
us possible. 


boxes for easy 
S. 
as possible. 


Outside. 
Ow as possible. 


Outside. 
As low as possible. 


-for motors and drive. 


located slightly above axle. 


Outside. 


The only prac- 
fitting with nose 
nded motors. 
otors on existing 
are at axle level. 
| not known. 


21 
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27. Number of vehicles which employ this type of drive : a) Locomotives 


b) Electric motor cars 
c) Diesel electric rail cars .... 


Goods 
Passenger 


Apri 1950 


In 1940. In 1949. h 


ADMINISTRATION 


Electric locomotives 


Diesel electric loco; 


London Transport 
Executive 


Number of vehicles in 
service with this type 
of drive : 
a) 1940 
b) 1949 
Percent. of drive in rela- 
tion to : 
a) No. of motor axles, 
b) No. of motor vehicles. 
Total number of motor 
axles fitted. 
Maximum speed, 
Variation in motor speed 
for fixed axle speed. 


British Railways 
(Southern Region) 


Number of vehicles in 
service with this type 
of drive. 

a) 1940 
b) 1949 

Percent. of drive in 
relation to : 

a) No. of motor axles, 
b) No. of motor cars. 
Total number of motor 

axles fitted. 

Maximum speed. 

Variation of motor speed 
with fixed axle speed. 


Axle hung. 


Nil. 
5) 


British Railways 
(Eastern Region) 


Number of vehicles with 
this type of drive : 
a) 1940 
b) 1949 
Percent of drive. 
Number of motored axles 
fitted. 
Maximum speed. 
Variation of motor speed. 
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What is the percentage of each type of individual drive : 
a) in relation to the total number of motor axles: 


b) in relation to the total number of motor vehicles, electric and Diesel electric. 


Total number of motor axles fitted with each of these types. 
For a constant speed of rotation of the axle what are the possible maximum variations in speed of the motor? 


ultiple unit electric 
motor cars 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


Axle hung. 


1h LEY 
iL NY 


100 % 
100 % 


2 100 
96 km/h 


None. 


| Axle hung. 


1049 
1073 


100 % 
100 % 


2 146 
88.5 km/h 


None. 


Axle hung. 


Nil. 
178 
All the same. 


540 
112 km/h 
Nil. 
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NS. 


ADMINISTRATION 


Electric locomotives Diesel electric locom 


Ceylon Government — — 


Railways 


Pennsylvania Railroad Number of vehicles in Frame Axle hung Axle hung 
service with this type mounted | | 
of drive : | | 
a) 1940 231 31 Nil. | 
b) 1949 231 31 383 | 

Percent. of drive in rela- 
tion to : ) 
a) No. of motored axles, Mh YZ 2 24% Fl 
b) No. of motor cars. iY D Ve AAS 

Total number of motored 
axles fitted. 1 000 100 | 1110 | 

Maximum speed. 160 km/h 86 km/h | 160 km/h 

Variation of motor speed | 
for fixed axle speed. None. None. | None. 


British Railways 
(London Midland Region) 


Number of vehicles in 
service with this type 
of drive : 

a) 1940 
b) 1949 

Percent. of drive. 

Total number of motor 

axles fitted. 

Maximum speed. 

Variation in motor speed 
for fixed axle speed. 


Victorian 


Government Railways 


Number of vehicles in 
service with this type 
of drive : 

a) 1940 
b) 1949 

Maximum speed. 

Percent. of drive. 

No. of motor axles. 

Variation in motor speed. 
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iesel ic rail car iesel electri 
motor cars | Electniemolorcar Diesel electric rail cars | _—_— Diesel electric shunters 


Aultiple unit electric | Multiple unit Diesel | 


Axe hung. Axle hung. Axle hung. 


385 | | Nil. 407 
385 | | 22 | 428 


16 % 
26 % 


01% | 36 
| 01 % | 29 ¥ 


| 770 44 UD 
122 km/h | — 102 km/h 


None. | None. None. 


59 
59 
ly one type of drive. 


236 
122 km/h 


None. | | 


385 

403 

84 km/h ) 

y one type of drive. 
1612 

None. | | | 
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31. Lateral play of the drive. 

32. Supposing the motor axle be fixed, how many degrees, minutes and seconds, can the armature of the motor 
under the motor torque at the one hour rating, continuous rating at the maximum speed and at start? Aty 
motor torque do the springs of the drive commence to flex? 
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ADMINISTRATION 


London Transport 
Executive 


Lateral play of drive. 
° Rotation at 1 h torque. 
Flexing torque. 
Weight of drive (without 
gears). 

Sprung weight. 
Unsprung weight, 
Gear ratio. 

Gear teeth. 


Electric locomotives 


| Diesel electric locome 


British Railways 
(Southern Region) 


Lateral play of drive. 
° Rotation at 1 h torque. 
Flexing torque. 
Weight of drive (without 
gears). 

Sprung weight. 
Unsprung weight. 
Gear ratio. 

Gear teeth. 


3.83 
Straight. Satisfactory 
toe 1D, C, 


1 


os 


British Railways 
(Eastern Region) 


Lateral play of drive. 
° Rotation at 1 h torque. 
Gear ratio. 

Gear teeth. 


Ceylon Government 
Railways 


Lateral play of drive. 
Weight of drive. 
Gear ratio. 
Gear teeth. 
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eight of the drive and without the train of gear wheels and pinions (if possible). Total sprung weight and 
tal unsprung weight of the mechanism of the drive for each axle. 

2ar ratio. 

2ars with straight or inclined teeth (Why) ? 


SS 


‘iple unit electric Multiple unit Diesel | | 


: : Diesel electric rail cars | Diesel electric shunters 
‘motor cars electric motor cars 


mm | Surface 5 mm 


ie. | None. 

= | 
kg 236 kg | | 
Kg 244 kg 
9 16/65 


for quieter running. 


2.81 
ght. Satisfactory | 
for D. C. 


None. 

Rigid drive. 
pale 17. 

sht for simplicity. 


i - 0.28 13 O28 
| Straight. Straight. | 
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ADMINISTRATION 
Electric locomotives Diesel electric loc: 
Frame 
mounted Ax 
Pennsylvania Railroad Lateral play of drive. 1.5 mm 1.5 mm 1 
© Rotation at | h torque. None. Not determ. } 
Flexing torque. — Not determ. | 
Weight of drive (without 
gears). — 1080 kg | 
Sprung weight. Not known. 1230 kg No’ 
Unsprung weight. Not known. None. No! 
Gear ratio. See « Exhibit A » — Question 6. 
Gear teeth. Straight teeth are in general use on accoul 


(London Midland Region) | © Rotation at 1 h torque. 
Flexing torque. 


{ 

: 

: 

British Railways Lateral play of drive. | 
Weight of drive (without | 

j 


gears). 
Gear ratio. 
Gear teeth. 
Victorian Lateral play of drive. 
Government Railways © Rotation. 


Weight of drive. 

Unsprung weight. 

Sprung weight. 
Gear ratio. 
Gear teeth. 


| 
ee | 
| 
| 
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iltiple unit electric 
motor cars 


/ Not known. 
-Not known. 


ence of side thrust. 


Multiple unit Diesel 
| electric motor cars 


They also have lower first costs and maintenance costs. 


Diesel electric rail cars 


Not known. | 
Not known. 


Diesel electric shunters 


Not known. 
Not known. 


3015 2 Al 
ht. No side thrust. 


3170 kg 
2100 kg 
23/74 
tht teeth. As fitted 
in 1919. 
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36. Material of the pinions and gear wheels, chemical and physical characteristics. 


a a a 


ADMINISTRATION 


London Transport 
Executive 


Properties of material 
for gears. 


British Railways 
(Southern Region) 


Electric locomotives | Diesel electric loce 


U 


| 
| 


| 


Properties of material for : 


a) Gears; 
5) Pinions. 


Case hardened steel 
AGE YZ, Wz 
Steel. 
Ni — 3.48 % C—.15 & 
S —.26 % Mn—.53 % 


British Railways 
(Eastern Region) 


Properties of material for : 


a) Gears; 
5) Pinions. 


Ceylon Government 
Railways 


Pennsylvania Railroad 


Properties of material 
for gears. 


British Railways 
(London Midland Region) 


Victorian 
Railways 


S. A. E. specification with 42) — 485 H 
| 


Properties of material 
for gears. 


Properties of material 
for gears. 


| 
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2 unit electric 
ytor cars 


ied specification 
tee. 130F. 


| 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


ardened steel 
% carbon. 
chrome steel. 
Nee 13%. Ch. 


ned carbon steel. | 


‘kel steel. 
Brinell 500. 


Not known. 


Not known. 


available. 


re steel. 

- 6350 kg.Tensile 
% elongation. 
bur & Ph. .05 % 
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Attachment to Question 3¢ 


London Transport Executive. 


The Manufacturer is required to assure himself that any Drawings or R. M. E. Spec: 


fications to which he may wish to work and which were in his possession before the receir 
of the current order are the Executive’s latest issues. | 


SPECIFICATION R. M. E. 130F for GEAR WHEELS AND PINIONS. 


| 
. The gear wheels and pinions shall be manufactured from solid forged medium carbo! 


steel, suitably heat treated. Alternatively, the gears shall be of the composite type co 

sisting of a cast steel centre to B.S.S. Report No. 24, 1941, or subsequent issue, Spec’ 
fication No. 10, with shrunk on rim of solid forged medium carbon steel, suitably hea 
treated. | 


. The guaranteed mechanical characteristics of the material put forward as regards th: 


Brinell hardness of the teeth and rim after heat treatment must conform with detai 
given below. The manufacturer must agree to replace free of charge all gears or pinio 
which fail through breakage or flaking at mileages under 250 000 miles if more than 5 % 
of the quantity supplied fail in this way at less than 150 000 miles, provided that th 
failure is not due to exceptional circumstances within the Executive’s control. 


} 
. The manufacturer shall, at his own cost, supply labour and appliances for all tests 


be carried out at his own works. 


B.S. S. No. 235 and shall be straight or 7 1/2 degrees helical as indicated to the manu 
facturer, 


. The form of tooth, unless otherwise stated on the drawing, shall be in accordance sn 


drawings and the teeth free from distortion. 


. The gears and pinions shall be finished accurately to the dimensions shown on thy 


. Gear wheels shall be rough-bored and the bore left untreated so that it can be machined 


to size as required. The pinions shall be finished machined to fit the Executive’s plu 


gauges. When required, the pinion keyways shall be cut after completion of the hardenin 
operations, 


- Each gear and pinion shall be stamped with the manufacturer’s initials and date of 


manufacture, and also with the Executive’s Serial Number in the position shown on 
the drawings. The actual numbers and the position of the marking groove mentioned o 
the drawings will be supplied on application to the Chief Mechanical Engineer (Railways) 
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BRINELL AFTER TREATMENT : 


Cea mee eae ne ei fae as fate aye ee SSO to GOO 
Pi CUS sr ite re Mee Mek wee 7 eee FAT IEEE RA) 


Office of the Chief Mechanical Engineer (Railways), 
Acton Works, Bollo Lane, Acton, W. 3. 


18th April, 1934. 
Revised: 18th December, 1946. 
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37. Have you locomotives with connecting rods? If so, what are the reasons which decided you to use al 
dividual drive? 


ADMINISTRATION : ’ ; 
Electric locomotives Diesel electric |) 
London Transport Preference for type of drive: | 
Executive a) Connecting rods. 
b) Motor suspension. | 
’ 
) 
British Railways Preference for type of drive: 
(Southern Region) a) Connecting rods. None used. | 
b) Motor suspension. A nose suspended motor ) 
is satisfactory up to 
speeds of 121 km/h & is 
easy to maintain. 
British Railways Preference for type of drive: 
(Eastern Regions) a) Connecting rod. 
b) Motor suspension. 
Ceylon Government Preference for type of drive : 
a) Connecting rod. i 
Railways b) Motor suspension. 
Pennsylvania Railroad See Exibits «C & D ». The type of su 
Individual drivd 
British Railways Preference for type of drive : 


(London Midland Region) a) Connecting rods. 
b) Motor suspension. 


Victorian Preference for type of drive: 
Government Railways a) Connecting rods. 
5) Motor suspension 
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ld you advise that the motor should be rigidly fixed to the frame and that transmission to the motor axle 
id be flexible or rather that a nose suspended motor with fixed gears is satisfactory; limit of application 


he two systems? 


‘le unit electric 
1otor cars 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


one used. 

suspended motor 
xed gears is sim- 
liable and cheap, 
yard on the track. 


None used. 
suspended motor 
factory up to 121 
and is easy to 
in. ; 


‘one used. 

ar and nose sus- 
1 is satisfactory 
it least 121 km/h. 


None used. 
Nose suspension 
satisfactory. 


None used. 
Nose suspension 
satisfactory. 


sndent upon the HP transmitted/axle. 


tO connecting rods. 


lone used. 
> suspended. 


lone used. 
(perience with 
<ible drive. 
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Attachment to Question 37, | 


EXHIBIT << Gia! 


The Pennsylvania Railroad. 


There are two (2) DDI classes of electric locomotives with connecting rods. ‘These 
locomotives are included among those shown in answer to Question 6. The individual 
drive for electric locomotives is used for the following reasons : 


| 

) 

1. The individual drive on the axles permits smaller motors to be located between the | 
wheels which makes more space available in the cab for other equipment. 

2. With the larger types of locomotives, the use of connecting rods would require a motor 
too large for a practical application, while all parts become much smaller with indivi- 
dual drive on the axles as well as resulting in a lower centre of gravity. 


3. The absence of rods, pins and jack shaft results in lower maintenance costs with less 
time out of service for repairs. 
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Attachment to Question 38, 
EXIBIT «D » 


The Pennsylvania Railroad. 


On our road A. C. electric locomotives, the motors are rigidly fixed to the frame using 
fixed gearing with flexible drive to the wheels. This application is the result of the large 
_horse-power requirements per axle. 


A nose-suspended motor with flexibility in the gearing is satisfactorily used on our lighter 

equipment such as A. C. switching locomotives and multiple unit passenger cars. Nose- 

suspended motors with fixed gearing are used with D. C. current on Diesel-electric loco- 
motives and rail motor cars. 


It is considered generally that limit of application of the two systems is based upon the 
horse-power requirements per axle. 


22 


39. Effect of the passage of electric current on the running and maintenance of the parts of the drive. For e 
on the bearings or springs. 

40. Results in service of each type of drive with all the information possible concerning : 
a) breakage of springs; 


b) fracture of teeth; 


eB ETAT DEEL EE A SP CRT SET SEER IRI ESSE SIL EO LE ERE LL TI EDIE _ TELE ALA SLED IL ELL PELL ESE EE LEI EERE 


ADMINISTRATION 


London Transport 
Executive 


Performance of drive : 

a) Effect of electric current 
on drive: 

b) Breakage of springs; 

c) Fracture of teeth; 


d) Failure rate; 
e) Measures to avoid fai- 


lure; 
Ff) Cost of maintenance. 


T 


Electric locomotives 


Diesel electric loc 


British Railways 
(Southern Region) 


Performance of drive : 

a) Effect of electric cur- 
rent on drive; 

b) Failures; 

c) Cost of maintenance. 


No noticeable effects. 


Practically trouble free. 
Not known. 


British Railways 
(Eastern Region) 


Performance of drive : 

a) Effect of electric cur- 
rent; 

b) Failures; 

c) Cost of maintenance. 


AS EEL I OLE ALAA LLAMA LALLA 


Ceylon Government 
Railways 


Performance of drive : 
a) Effect of electric cur- 
rent; 


Pennsylvania Railroad 


Performance of drive : 
a) Effect of electric cu- 
rent; 


5) Failures. 


No noticeable effect. 
Some use is made of 
earthing brushes. 


British Railways 
(London Midland Region) 


Performance of drive : 

a) Effect of electric cur- 
rent; 

b) Breakage of springs, etc. 


No - 
| 


Victorian 
Government Railways 


Performance of drive : 

a) Effect of electric cur- 
rent; 

b) Other failures; 


« Cost of maintenance. 


us failures and abnormal wear; 
2s to which they are attributed; 
her of failures per 500000 kilometres per axle 
sures taken to avoid or reduce their repetition; 
of maintenance of each type of transmission. 


Itiple unit electric 
motor cars 


fect due to insulated 
return. 
None used. 
cases due to staff 
negligence. 
500 000 km/motored 
axle. 


are in greasing. 
.1/- gear/ annum. 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


en nn nn ee SE EEaaE EES oS UaS SSS 


noticeable effects. 


tically trouble free. 
Not known. 


; pitting of bearings. 


None. 
Not known. 


) noticeable effect. 
me use is made of 
earthing brushes. 


available. 


Pitting of roller 
‘arings in axle box. 
information available. 


None. 
rox. 18 cases of broken 
eth in the last 5 years, 

all cases due to fatigue 
ter 1 900 000 km. 
Practically nil. 


Diesel electric shunters 
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41. Supply particulars on the subject of the possible substitution of rubber suspension for metal springs. 
42. Has one or other arrangement of drive been adopted for one of the following motives : 
a) reduction in damage to the track; 


a a NN 


ADMINISTRATION 


Type 


Electric locomotives Diesel electric locor 


ru 55 EEE 


London Transport 
Executive 


Rubber suspension. 


Other arrangements of 
drive. 


British Railways 
(Souther Region) 


Rubber suspension. 
Other arrangements of 
drive. 


British Railways 
(Eastern Region) 


Rubber suspension. 
Other arrangements of 
drive. 


Ceylon Government 
Railways 


Rubber suspension. 
Other arrangements of 
drive. 


A, | EC | CE A | ER RE AE er NN 


Pennsylvania Railroad 


Rubber suspension. 
Other arrangements of 
drive. 


Not considered for suspension but is used { 


Drive selected by HP requirements and ease 


British Railways 
(London Midland Region) 


Rubber suspension. 
Other arrangements of 
drive. 


Victorian 
Government Railways 


Rubber suspension. 
Other arrangements of 
drive. 


APRIL 1950 


| 


iple unit electric 
motor cars 


springs where 
rature is not too 


None. 


> substituted for | 


is available and the | 
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wement in the riding of the vehicle; 
tion in cost of maintenance of the vehicle. 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


627/85 


Diesel electric shunters 


»t considered. 
None. 


it considered. 
~ None. 


Not considered. 


None. 


Not considered. 


None. 


nission. 


enance. 


information. 
rive is the most 
conomical. 


t considered. 
None. 


43. Name of the type of bogie. 
44. On how many vehicles is the type installed? 
Commencing in what year. 


es 2 NN ER EE PS PR RS SC SR RS A TEE A SI I ET SESE D AIDE PCL, 


Typ 


ADMINISTRATION: 
Electric locomotives Diesel electric locor 


London Transport 
Executive Name of type of bogie. 

No. of vehicles on which 
bogie is installed. 
Commencing year. 
Axle arrangement. 


Types under construction. 


British Railways 
(Southern Region) 


Name of type of bogie. Three axle bogie. 


No. of vehicles on which 


bogie is installed. 3 

Commencing year. 1941 

Axle arrangement. Cy ee 
Types under construction. None. 


British Railways 
(Eastern Region) 


Name of type of bogie. 
No. of vehicles on which 
bogie is installed. 
Commencing year. 
Axle arrangement. 
Types under construction. 


Ceylon Government 
Railways 


Name of type of bogie. 
No. of vehicles on which 
bogie is installed. 
Commencing year. 
Arrangement of axles. 
Types under construction. 


Pennsylvania Railroad See attached sheet « Exhibit A » — Questio| 


British Railways Name of type of bogie. 

Number of vehicles on 

which bogie is installed. 
Commencing year. 
Axle arrangement. 


Types under construction. 


(London Midland Region) 


Victorian 


iName of type of bogie. 
Government Railways 


Number of vehicles on 
which bogie is installed. 
Commencing year. 
Axle arrangement. 
Types under construction. 


angement of axles. 
es under construction or in design, number of vehicles. 


| 


s unit electric Multiple unit Diesel 
otor cars electric motor cars 


SSS 


Surface 
Welded 


Diesel electric rail cars Diesel electric shunters 


357 
1936 

yl | Ao-1+1-A, 
233 
ible drive, + 2 
pension (bolster- 
less). 


axle bogie. 


el O73 

1915 

— Bo 
None. | | 


| All welded | All welded two axle. 


12 | BS 
1938 1947 


None. None. 


-centralising. 


59 

1939 

Bo — Be 
None. 


wealth cast steel | 
> — 4 wheel. | 


1918 
\xle bogie. | 
as above. 


| 
202 | 


’ 


Attachment to Questi 
- 


London Transport Executive. 


SECTION THRO BOGIE LOOKING 


fase 


ECTION ON ¢ 


‘sj 


PART & 


AT _BOLS 


pension, | 


Experimental bonded rubber sus 
(London Transport Executive.) 


Bigan) 


— Bogie bolster knife edge suspension, « R » stock. (London Transport Executive. ) 


Fig. 6. 


ania Railroad. 


Pennsylv 


lé. 


of bog 


Ings OQ 


General arrangement draw 


Se Ne 


ip eeceme 


SNe Waimea ore are ; 


“as tiae ee j - 
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(Pennsylvania Railroad.) 


Multiple unit electric motor cars. 


Fig. 7. — Four-wheel steel motor truck. 
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47. What is the electrical connection of the motors mounted on a bogie? Advantages or disadvantages 


ing from this connection? 
48. One hour torque at maximum speed in service and for maximum tractive effort. 


ADMINISTRATION 


London Transport 
Executive 


Electric locomotives 


Electrical connections of 
motors. 
One hour torque : 
a) At maximum speed; 
b) At maximum tractive 
effort; 
c) At 1 hour speed. 


British Railways 
(Southern Region) 


Electrical connections of | Series — only possible 
motors. arrangement. 
One hour torque. 126 000 kg/cm. 


British Railways 
(Eastern Region ) 


Diesel electric locom 


: 


Ceylon Government 
Railways 


Electrical connections of 
motors. 
One hour torque. 


Pennsylvania Railroad 


Electrical connections of 
motors. 


One hour torque. Not determined. 


See Question 6. — The disadvantage of 


British Railways 


(London Midland Region) 


Electrical connections of 
motors. 
One hour torque. 


Victorian 
Government Railways 


Electrical connections of 
motors. 

One hour torque : 

a) At maximum speed; 

b) At max. tractive effort; 

c) At one hour speed. 
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ple unit electric Multiple unit Diesel 
notor cars electric motor cars 


Diesel electric rail cars Diesel electric shunters 


Oo ere ll a a i a el i a eh Atl | Se a CN ee a 
Surface 

- Parallel. 
Ni 


ticem| 1 640 kg/cm! 


s/em|21 850 kg/cm 
s/em|15 200 kg/cm 


ries-Parallel. 


: 000 kg/cm 


Series-Parallel. Series-Parallel. 


i¢ unbalanced voltage under conditions of wheel slip. 


‘ies-Parallel. 
tt available. 


lanent series. 


490 kg/cm 
000 kg/cm 
000 kg/cm 
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49. Particulars of the maintenance work and frequency. 


ADMINISTRATION 


AprIL 1950 


Electric locomotives 


Diesel electric locc 


London Transport Examination. 
Executive Inspection 
Overhaul. 
Lubrication. | 
' 
3 : <4 P a ae | 
British Railways Overhaul. Renewal of worn parts | 
(Southern Region) 160 900 km. 
| 
British Railways 
(Eastern Region) 
| 
Ceylon Government Inspection. 
Railways Overhaul. 
j 
} 
| 
Pennsylvania Railroad Examination. Daily. Daily. 
Inspection. 4 weekly. 4 weekly 
Overhaul. 602 500 to 724000 km 1 609 000 ky 


as required. 


British Railways 
(London Midland Region) 


Examination. 
Inspection. 


Overhaul. 


Victorian 
Government Railways 


Overhaul. 


ee) hae 
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cle 


tiple unit electric 
motor cars 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


3 daily. 

4 weekly. 
ars or 320000 km 
yushes etc. 8 weekly. 
bearers 12 weekly. 


swal of worn parts 
160 900 km. 
Weekly. Weekly. 
1 500 hours. 1 500 hours. 
Daily. Daily. Daily. 
8 000 km. 80 000 km. 4 weekly. 
4 years. 245 000 km. Yearly. 
Daily. 


ly. Truck lubrication. 
ly. Drive lubrication. 
ly. Axle bg. lubricat. 
days and 4 years. 


121 000 km. 
240 500 km. 


a ee 
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50. Horizontal forces on the rail due to the bogie 
51. Transverse play of the axle in relation to the bogie. 


52. Angular play in the horizontal plane of the axles in relation to the bogie. 
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ADMINISTRATION 


London Transport 
Executive 


Electric locomotives 


Horizontal force on rail : 

a) Acceleration; 

b) Braking. 

Transverse play of axle. 

Horizontal angular play 
of axles. 


Diesel electric locos 


British Railways 
(Southern Region) 


Horizontal force on rail. Not known. 
Transverse play of axle. 
Horizontal angular play 


of axles. 


British Railways 
(Eastern Region) 


Ceylon Government 
Railways 


Transverse play of axles. 


Pennsylvania Railroad 


Horizontal force on rail. 
Transverse play of axle. 
Angular play in horizontal 
plane of axles. 


See « Exhibit E ». 
Norm. 9 mm.Max. 18 mm. 


| 
| 
| 
= | 


| 
Norm. 9 mm. Max. 


British Railways 
(London Midland Region) 


Horizontal force on rail. 
Transverse play of axle. 
Horizontal angular play. 


Victorian 
Government Railways 


Horizontal force on rail. 
Transverse play of axle. 


| 
: 


The Penns: 


In order to have equilibrium of the vehicle on the rail, the height of its centre ot 
rail should have the trucks designed on the basis of the horizontal force at the rj 
inches the horizontal force at the rail would be about 41 % of the weight at rail 
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ep uae ac ae, 


iple unit electric 


kg 1 930 kg 
kg 3 130 kg 


mm. Max. 9 mm. 


0 16’ max. 


Multiple unit Diesel 


motor cats electric motor cars Diesel electric rail cars Diesel electric shunters 
errs 
2 Surface 


Not known. 
mm. Max. 6.35 mm 


About 3 mm. 


About 3 mm. 


'mm. Max. 18 mm. 


Norm. 9 mm. Max. 18 mm. 


Norm. 9 mm. Max. 18 mm. 


3mm. Max. 7mm. 


6.3 mm (Total). 


d. 


Attachment to Question 50. 
EXIBIT «E» 


rail must be considered. A vehicle with a centre of gravity of 52 inches above 
© oi the total weight on truck at rail. With a vehicle centre of gravity of 12 
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53. For what reasons do you not use more of certain types of bogie and which types? 
54. Results obtained with these bogies (maintenance, purchase price, behaviour, etc.). 


a 


ADMINISTRATION 
Electric locomotives Diesel electric locc 
London Transport Maintenance. 
Executive 
Purchase price of : | 
a) Tube; | 
b) Surface. | 
j | 
British Railways Maintenance. Good. Low maintenance 
(Southern Region) cost. 
Price = 
British Railways | 
(Eastern Region) | | 
} 
- - - == 
Ceylon Government 
Railways 
| 
a 1 
Pennsylvania Railroad Preferred type of bogie. | Pedestal type swing bolster type is used as it is! 
Maintenance. The present bogies with cast steel sole pla 
Cost. 
British Railways Maintenance. 
(London Midland Region) Purchase price. 
Victorian Maintenance. 
Government Railways 
Cost. 


~ -- ++ 3 5 
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$$$ 


‘iple unit electric Multiple unit Diesel 
motor cars electric motor cars 


Diesel electric rail cars Diesel electric shunters 


qance is simplified 
ise of individual 
: cylinders and a 


er design. 
400 — 1938 
| 360 — 1938 


: Low maintenance 
cost. 


actory from the point of view of riding qualities. 
ceable axle box liners result in low maintenance costs. 


plate frame type 
oned as _ fatigue 
s developed. 

1 sided type aban- 
1 in favour of cast 
type for ease of 
ifacture. 


23 


55. What is your experience of the riding of the motor vehicles in service (as it concerns the constructio1 
bogies). ‘Does your reply on the subject take account of the point of view of the Permanent Way Depar 


ADMINISTRATION 


Electric locomotives Diesel electric loc« 

London Transport a) C.M.-E. Dept: 

Executive 
b) P. W. Dept. 

| | 
| 
| | 

British Railways a) C. M. E. Dept. 


| 
| 
| 
Satisfied. | 
} 
} 


EN 


(Southern Region) b) P. W. Dept. No adverse comments. 
Riding superior to mul- 
tiple unit motor cars. 

British Railways 

(Eastern Region) 

Ceylon Government 

Railways 
Pennsylvania Railroad a) C. M. EB. Dept Riding properties of the pedestal type swing-t 
b) P. W. Dept. 
British Railways a) C. M. E. Dept 
(London Midland Region) | b) P. W. Dept. 


Victorian 
Government Railways 


a) C. M. E. Dept. 


b) P. W. Dept. 


tot, what is the point of view of the Permanent Way Department? 
tment ? 


a 


What is that of the Motive-Power De- 


ple unit electric 
notor cars 


have longer side 
s than previous 
These increase 


ytion of road shock. 


s the maximum 
le distance  be- 
bolster _side- 
S, giving increased 

ability. 

wheel base bogie 
sidered to be more 
to « hunting ». 
fect on riding 
rt of track wear is 
uated by small 
3, Short wheel base, 
ing weight, lateral 
ind loss of coning 
eels. 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


Satisfied. 
considered that 
yg and oscillation 
nore marked on 
€ as compared 
steam stock. 
nt shock is accent- 
by unsprung 
t. 


Satisfactory. 


Satisfactory. 


are considered to 


be the most satisfactory. 


y Satisfactory. 


ked difference be- 
different types is 
able. It is consi- 
that the channel 
bogie gives the 
y smoother ride. 
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57. What is the effect of the diameter of the wheels on the deterioration of the track at high speeds ? 
58. Have you a rule on your system which fixes the diameter of the wheels in relation to the speed or weigh 
axle or limits one or the other of these factors in relation to the other? 


(See also Question 22.) 


ADMINISTRATION 


Ty 


Electric locomotives 


Diesel electric loc: 


London Transport 
Executive 


Effect of wheel diameter 
on track. 

Determination of wheel 
diameter. 


British Railways 
(Southen Region) 


Effect of wheel diameter. 


For speeds up to 75 mph if 


static wheel loa 
wheel diameter | 


British Railways 
(Eastern Region) 


Ceylon Government 
Railways 


Determination of wheel 
diameter. 


| 
| 
| 


Pennsylvania Railroad 


Effect of wheel diameter 
on track. 

Determination of wheel 
diameter. 


Not determined. 


Class « A » wheels. 


| 
650 Ibs./inch | 
Class «C » | 


British Railways 
(London Midland Region) 


Effect of wheel diameter. 
Determination of wheel 
diameter. 


Victorian 
Government Railways 


Effect of wheel diameter. 
Determination of wheel 
diameter. 


Aprin 1950 
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ple unit electric 
motor cars 


Jee Q. 21. 


Empirical. 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


| 


Diesel electric shunters 


a 


20 shearing of the rail head may occur. 


Empirical. 


Empirical. 


“%, Class «B » wheels 750 Ibs./inch dia. C = .57 — .67 %. 


Banch. dia. C = .67 — .77 Y% 


C = Carbon content. 


A.A.R. Spec. M-107-48. 


Smpirical. 
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59. Have you yet made tests of the stability of the vehicles while running and measured the forces betwee 
rail? What are the results of these tests? Methods of measuring. 

60. Can you give sources of data concerning theoretical calculations of the forces between rail and wheet 
or add such calculations or results of tests to your reply? 

61. What is the trend of your ideas for the future. 


DMINISTRATION 
_ ue Electric locomotives Diesel electric loc 


London Transport Tests of stability and 
Executive forces between wheel 
and rail. 

Trend of future ideas 


—— = = 5 


British Railways Tests of stability and | ° None. 
(Southern Region) forces between wheel 
and rail. 
Trend of future ideas. Similar. | 
Tests. None. 


British Railways 
(Eastern Region) 


Ceylon Government 


Railways 
‘ es _ & | 
Pennsylvania Railroad Tests. ses) 0), 222, 
Trend of future ideas. Present designs are satisfactory. 
British Railways Tests. 
(London Midland Region) Future ideas. 
= — | 
Victorian Tests. 
Government Railways Future ideas. 
| 
i 


Questions 59 and 60. — See Appendix to Question 22. 
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ple unit electric 
notor cars 


None. 
Sec Q. 22. 


jonal types im- 
1d in direction of 
maintenance costs 


mmger periods with- 


adue wear. 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail 


None. 


ental radial bear- 
ygie. 
R.) Dynamic load 


{. U. motor bogie | 


yut 10 % higher 
1 steam loco. 


cars 


None. 


None. 
vania) Common- 
cast steel frame 
heel bogie. 
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62. Have you any special remarks to make? — 


Aprin 1950 


No special remarks. 


63. Would you prefer from the point of view of bogie construction and of its maintenance to have inside or 


axle boxes? Why? 
64. Do you consider that the motor should be placed as low as possible or above the level of the motor ax! 


ADMINISTRATION 


London Transport Axle boxes. 


Executive 


Motor position. 


Electric locomotives | Diesel electric loco 


British Railways Axle boxes. 


(Southern Region) 


Motor position. 


British Railways 
(Eastern Region) 


Ceylon Government Axle boxes. 
Railways Motor position. 
Pennsylvania Railroad Axle boxes. 


Motor position. 


| | ee | NE ES NN NL, St 


Outside boxes are preferred, as they allan 
At axle level. 


British Railways Axle boxes. 


(London Midland Region) 


Motor position. 


Victorian Axle boxes. 
Government Railways 


Motor position. 


Aprit 1950 
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ple unit electric 
1otor cars 
: 


'boxes are pre- 
for ease of access 
ace for motors. 
bogies are used 
is no space for 
; above axle. 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars | Diesel electric shunters 


ttside boxes are 
e with axle hung 


Ww as possible. 


Outside. 
Ww as possible. 


or the motors and drive. Outside boxes are also easier to maintain. 


le for ease of 
1uintenance. 


90xes. Only pos- 
rangement with 
ing motors. 

2wn. Present ar- 
lent has motors at 
vel. 
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65. Number of vehicles using this type of bogie? 

66. Types of motor bogie. 

67. Number of non-motored and motored axles of a bogie. 
68. Diameters of the wheels. 


Ty 


ADMINISTRATION Ke | 


Electric locomotives Diesel electric loc 


London Transport Number of vehicles using | | 
Executive bogie. | 
No. of types of motor bogie. 
Axle arrangement. 
Wheel diameter. 
Maximum weight/axle. 
Axle spacing. 


Distance between centre | | 


plates. 
i 
| 
British Railways No. of vehicles using bogie. 3 
(Southern Region) Types of motor bogie. One. 
Axle arrangement. (Oe, | 
Wheel diameter. iS) aa, | 
Maximum weight/axle. 18 420 kg. 
Axle spacing. 2 345 m. | 
Distance between centre 
plates. 8.68 m. 
| 
British Railways No. of vehicles using bogie. 
(Eastern Region) Types of motor bogie. 
Axle arrangement. 


Wheel diameter. 
Maximum weight/axle. 
Axle spacing. 
Distance between centre 
plates. 
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er axle. 
of axles. 
between bogie centre plates. 


dle unit electric Multiple unit Diesel Dee Dine eerie 
hotor cars electric motor cars : 3 eH eeS DUDLETS 
: 


Surface | 


357 

2) 
pl | Ao-1+1-A, 
B 915 m. 
‘g. 11 850 kg. 
. 2.38 m. 
tr.) | (Asymmetr.) 


2. 10.1 m. 
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Typ 


ADMINISTRATION 


Electric locomotives Diesel electric loco 


Ceylon Government No. of vehicles using bogie. | 
Railways Types of motor bogie. | 
Axle arragement. 
Wheel diameter 
Maximum weight/axle. 
Axle spacing. 


Distance between centre 
plates. 


Pennsylyania Railroad No. of vehicles using bogie. 

Types of motor bogie. 

Axle arrangement. 

Wheel diameter. 
Maximum weight/axle. 

Axle spacing. See question 6. 
Distance beween centre 
plates. 


British Railways No. of vehicles using bogie. | 
(London Midland Region) | No. of types of motor Bogie 
Axle arrangement. 
Wheel diameter. 
Maximum weight axle. 
Axle spacing. 


Distance between centre 


plates. 
Victorian Number of vehicles using 
Government Railways bogie. 


Types of motor bogie. 
Axle arrangement. 
Wheel diameter. 
Maximum weight/axle. 
Axle spacing. | | 
Distance between centre | | 
plates. 


Aprit 1950 
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i eee 


ple unit electric 
aotor cars 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


23 
One. 
Bo 
.865 m. 
10 286 kg. 
2.44 m. 


Diesel electric shunters 


652/110 


TPS 
Be 
74. 
Te 


With or without a centering device. 

With or without swing or other bolster. 

With or without an anti-nosing arrangement. 
With or without an anti-weight transfer device. 
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ADMINISTRATION 


Electric locomotives 


Diesel electric locc 


London Transport 
Executive 


Centering device. 
Swing or other bolster. 
Anti-nosing device. 
Anti-weight transfer device. 
Lateral coupling of bogies. 
Shock absorbers : 

a) Vertical; 
b) Longitudinal; 
c) Transverse. 


British Railways 
(Southern Region) 


Centering device. 
Swing or other bolster. 
Anti-nosing device. 


Anti-weight transfer device. 


Lateral coupling of bogies. 
Shock absorbers : 

a) Vertical; 

b) Longitudinal 

c) Transverse. 


With. 
Without. 
Centering device. 
Without. 
Without. 


None. © 


British Railways 
(Eastern Region) 


Centering device. 
Swing or other bolster. 
Anti-nosing device. 


Anti-weight transfer device. 
Lateral coupling of bogies. 


Shock absorbers : 
a) Vertical; 
b) Longitudinal; 
c) Transverse. 


SN NR Umi 'wsn-eS denen 


Ceylon Government 
Railways 


Centering device. 
Swing or other bolster. 
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A or without coupling of bogies in the lateral plane. 

Ah or without shock absorbers (or rebound dampers) for vertical movements. 
A or without shock absorbers (or rebound dampers) for longitudinal movements. 
A or without shock absorbers (or rebound dampers) for tranverse movements. 


cle 


Multiple unit electric Multiple unit Diesel k lee F : 
TOO Cats SicctrioMmOtare care Diesel electric rail cars Diesel electric shunters 


Without. | 

Swing bolster. 
Without. 
Without. 
Without. 


None. 


Without. 

Swing bolster. | 
Without. | 
Without. 
Without. 


None. 


Without. — 
Swing bolster. = 
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a 


ADMINISTRATION 


Penysylvania Railroad 


Centering device. 
Swing or other bolster. 
Anti-nosing device. 


Anti-weight transfer device. 


Lateral coupling of bogies. 
Shock absorbers : 

a) Vertical; 

b) Longitudinal; 

c) Transverse. 


Tyr 


Electric locomotives | Diesel Electric locomoti 


DE SS SSSI 


Only on2 & 4 wheel bogies. 
Swing bolster. 
Without. 
Without. 
Only class GGI 44 (locos) 


None. 


Without. 
Swing bolster. 
Without. 
Without. | 
Only class BP1 (12 loc’ 


British Railways 
(London Midland Region) 


Centering device. 
Swing or other bolster. 
Anti-nosing device. 


Anti-weight transfer device. 
Lateral coupling of bogies. 


Shock absorbers : 
a) Vertical; 
b) Longitudinal; 
c) Transverse. 


Victorian 
Government Railways 


Centering device. 
Swing or other bolster. 
Anti-nosing device. 


Anti-weight transfer device. 
Lateral coupling of bogies. 


Shock absorbers : 
a) Vertical; 
b) Longitudinal; 
c) Transverse. 


ince rennet i A A 
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ee, 


ole unit electric 
aotor cars 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


Without. 
ing bolster. 
Without. 
Without. 
Without. 


None. 


Without. 


Swing bolster, 


Without. 
Without. 
Without. 


None. 


Without. 
Cast integ. with track frame. 
Without. 
Without. 
Without. 


None. 


Without. 
ing bolster. 
| With. 
Without. 
Without. 


Without. 


Without. 
ing bolster. 
Without. 
Without. 
Without. 


Without. 


24 
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78. Construction of the frame (plate, rolled sections, box cast or other). 
79. Best angle for the transverse suspension links of the bolster for each type of bogie. 
80. Means of restriction of and lateral movement permitted between the body and the bogie. 


TE 


ADMINISTRATION 


Aprit 1950 


Electric locomotives 


Diesel electric loco: 


a eS 


London Transport 
Executive 


Construction of bogie. 
Best angle for bolster links. 


Method of restraining 
lateral movement. 
Suspension of body. 
Support of body on bogie. 


Axle boxes. 


British Railways 
(Southern Region) 


Construction of bogie. 


Best angle for bolster links. 
Method of restraining 
lateral movement. 


Suspension of body. 
Support of body on bogie. 
Axle boxes. 


Plate sections with stif- 
fener welded along top. 
No bolster. 


Segmental bearings. 


Segmental bearings. 
Segmental bearings. 
Plain white metal. 


British Railways 
(Eastern Region) 


Ceylon Government 
Railways 


Construction of bogie. 
Best angle for swing links. 
Method of restraining 
lateral movement. 
Suspension of body. 
Support of body on bogie. 
Axle boxes. 


ApriL 1950 


Suspension of the body on the bogie (connection). 
ae ype of support of the body on the bogie. 
Axle boxes (roller, plain bearing). 


icle 
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Multiple unit electric 
motor cars 


Welded plate. 
in 6 (dependent upon 
track). 


Centre bearing. 
King Pin. 
olster with coil springs 
and Swing links. 


Roller. 


Multiple unit Diesel 
electric motor cars 


Diesel electric rails cars 


Diesel electric shunters 


Built up of plate and 
rolled sections. 
i iin 7 


‘top brackets fitted to 
ids of bolster & bogie. 
side plates. 38 mm. 
swing allowed (Total). 
King Pin. 
Centre casting. 
Plain white metal 


All welded plate. 


Centre bearing. 
King Pin. 
Bolster side bearings. 
Roller. 


All welded plate. 


Centre bearing. 
King Pin. 
Bolster side bearings. 
Roller. 
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Aprit 1950 


Se 
Type 


ADMINISTRATION 


Electric locomotives 


Diesel electric locomotive 


Pennsylvania Railroad 


Construction of bogie. 


Best angle for bolster links. 


Method restraining 
lateral movement. 
Suspension of body. 


Support of body on bogie. 


Axle boxes. 


Box cast steel. 
1 in 8 


Centre bearing. 
Centre bearing and King 
Pin. 

Centre plate. 
Roller on all modern types. 


Box cast steel. 
1 in 8 


Centre bearing. 
Centre bearing and Kin: 
Pin. | 
Centre plate. 
Roller. 


British Railways 
(London Midland Region) 


Construction of bogie. 
Best angle for links. 
Method of restraining 
lateral movement. 
Suspension of body. 


Support of body on bogie. 


Axle boxes. 


Victorian 
Government Railways 


Construction of bogie. 


Best angle for links. 
Method of restraining 
lateral movement. 
Suspension of body. 


Support of body on bogie. 


Axle boxes. 
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tiple unit electric Multiple unit Diesel Diesel electric rail cars Diesel electric shunters 
motor cars | electric motor cars | 


| 
Rolled steel. | | Box cast steel. 


| Box cast steel. 
il ial e335 il aha fs). == 
‘entre bearing. | | Centre bearing. Centre bearing. 
bearing and King | Centre bearing and King | Centre bearing and King 
Pin. | | Pin. | Pin. 
Centre plate. | | Centre plate. Centre plate. 
‘ain and roller. | | Roller. | Plain and roller. 


aaed. EH. D. steel. | 


King Pin. 


entre bearing. | 
entre bearing. | 
ippered roller. | | 


e (2) Rolled section | 
30x cast steel. | | 
fem 7 1/2 | | 


3olster stops. | 
centre plate with | 3 
gie centre pin. 
pring bolster. 
‘lain bearing. | 


84. a) What is the material used for the axle? 
b) What is the interference on the axle seats? 


ADMINISTRATION 


Electric locomotives Diesel electric locor: 

Opa i ee ow Fee A a ee ee ee ee 
| 

Axle material. 

Interference : ; 

a) Wheels and gears; | 

b) Roller bearing race. | 


London Transport 
Executive 


Cause of fractures. 


British Railways 
(Southern Region) 


Axle material. 
Interference. 
Cause of fracture. 


Steel forgings. 
.008" total. 
No. 


British Railways 
(Eastern Region) 


Ceylon Government 
Railways 


Axle material. 
Interference. 
Cause of fracture. 


Pennsylvania Railroad 


Axle material. 
Interference. 


Cause of fractures. 


A. A. R. Specification M — 126 — 49, ey 
Interference is governed by material of whe 
Dia. of wheel seat 


5 1/4’ er 6" 

6 #2 AGES 8% 
6 5/8" — 7 1/4" 
7 1/4" — 7 7/9" 


| 

More than 7 7/8" | 

To achieve these tonnages the following interefl 
Dia. of wheel seat 


5 eed 6" 
6" gteows Si 
Se 10" 


British Railways 
(London Midland Region) 


Axle material. 


Interference. 
Cause of fracture. 


| 
| 
Axle and wheel fractures can generally be att) 


Victorian 
Government Railways 


Axle material. 
Interference. 


Cause of fracture. 


| Have you had axle or wheel fractures due to the drive or to the factors a) or b) above? 


ple unit electric 
notor cars 


M.E.7J (attached). 


adia + .001 + .001| 
1015” Total. | 
{ot known. | 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


| rx 
», 3 1928 Report 24 | 
912” Total. | 
- No. | 


BSS. No. 3 Report 24 


No. 


BSS. No. 3 Report 24 


No. 


nd finish of surfaces in contact. 


Steel wheels 
SS — 1S wom 
70 — 90 ton. 
75 — 100 ton. 
80 — 110 ton. 
85 — 120 ton. 
lly apply. 
Interference 
.010” — .0120" 
.0120" — .0140” 
.0140” — .0160” 


ity material. 


Nominal interference. 


/inch seat dia. = .002" 


ality acid or basic | 
steel. | 
Ph.orS .06 % 


No. 


40 ton Tensile 


» .018" based on 
on/inch seat dia. 
No. 


662/120 BULLETIN OF THE INT, RatLwAY CONGRESS ASSOCIATION APRIL 1950 


Attachment to Question 84. 


London Transport Executive. 


The manufacturer is required to assure himself that any drawings or R. M. E. Specifications to which 
he may wish to work and which were in his possession before the receipt of the current order are the 
London Transport Executive's latest issues. 


SPECIFICATION R.M.E. 7J 
for 
MOTOR, MOTOR TRAILER AND TRAILER AXLES 


1. Scope. 


This specification covers motor, motor trailer and trailer axles, completely-finished or 
with rough-turned gear wheel and road wheel seats, as stated on the order. 


2. Material. 


The material shall be in accordance with British Standard Specification Report No. 24- 
1941 or subsequent issue, Specification No. 2. 


3, Forging size. 


Axles shall be forged of such a size that a minimum of 3/32-inch of metal shall be removed 
from every part of the surface during the machining of the axles. 


4, Marking (hot ). 


Each axle, when hot, shall be distinctly stamped on the ends (not the body) with the 
particulars shown on drawing No. 32999A, care being taken that the stamping is of such 
depth as to be completely machined off before polishing. 


5. Heat treatment. 


All axles shall be oil-hardened and tempered. Axles heat-treated by normalising will 
not be acceptable. 

The manufacturer, on acceptance of the order, shall advise the chief mechanical engi- 
neer (Railways) in writing, of the ranges of temperature between which the axles would 
be hardened and tempered. 

The manufacturer shall afford necessary facilities for the representative of the chief 
mechanical engineer (Railways) to examine pyrometer records of the heat treatment 
furnaces to satisfy himself that the heat treatment proposed by the manufacturer has been 
performed on the whole of the axles ordered. 


6. Discs for information purposes only. 


From the axles selected by the representative of the chief mechanical engineer (Railways) 
in accordance with clause 6 of the British Standard Specification Report No. 24—1941 
or subsequent issue, Specification No. 2, the manufacturer shall, after completion of the 
tests described in clauses 7 and 8, or 8 and 9 as the case may be, machine cold from such 
axles a disc approximately 3/8-inch thick having the same diameter as the forged wheel 


Aprin 1950 BULLETIN OF THE INT. RAILWwAy Concress ASSOCIATION 663/121 


seat or forged journal and portion of the axle. In the case of axles forged with a prolonga- 
tion, this disc shall be taken as near as possible to the journal end of the axle. The disc, 
marked with particulars of Cast Number and Order Number, shall be forwarded to the 
chief mechanical engineer (Railways) with the test report. 


7. Tests in case of departure from heat treatment procedure. 


In cases where variation from the heat treatment proposed by the manufacturer occurs, 
axles at the rate of one axle for each 55 axles or portion thereof of the axles concerned shall 
be selected by the representative of the chief mechanical engineer (Railways) and stamped 
circumferentially on the road wheel seat or prolongation of the axle/s. 


The manufacturer shall machine cold from each axle stamped as above, a test piece 
3/8-inch thick, having the same diameter as the forged wheel seat, or prolongation, as the 
case might be, and including the brands. 

Without further heat treatment or manipulation, the test pieces shall be placed at the 
disposal of the chief mechanical engineer (Railways) who will arrange for them to be 
subjected to a miscroscopic test. Alternatively, the manufacturer may prepare a photo- 
micrograph (100 diameters) of the transverse face of the test piece and submit duplicate 
copies to the chief mechanical engineer (Railways), together with one half of test piece. 
The position on the transverse face of the test disc at which the photomicrograph is taken 
shall be indicated and shall be within | 1/2 inches from the surface of the heat-treated axle. 

The microscopic structure shall be subject to the approval, in writing, of the chief 
mechanical engineer (Railways). 

Should the result of the microscopic test be approved, the individual or group of axles 
represented by the test piece shall be accepted, provided that the axles in all other respects 
conform to the requirements of British Standard Specification Report No. 24—1941 or 
subsequent issue, Specification No. 2. 

In the event of the individual or group of axles represented by the test piece failing to” 
meet the requirements of the microscopic test, the axles represented shall be re-heat-treated 
and re-submitted for test and acceptance or otherwise. 


8. Finish. 


All axles shall be machined or ground all over (except gear wheel and road wheel seats 
where required rough-turned) to a smooth finish showing no tool marks, and shall have 
centres drilled and countersunk with a taper of 60°. All journals and (except for collared 
axles) ends shall be polished. The fillet radius, shown on the drawing, between wheel seats 
and body of axle shall join the latter without step or line demarcation. 


9. Dimensions. 


The middles (except at gear wheel seats or suspension bearing journals) shall be machined 
or ground to diameters within the limits shown on the drawings. 

Overall length shall not vary by more than 0.02 inch above or below the figured dimension 
for any axle. 

Diameters at axle box and suspension bearing journals shall be within the limits figured 
on the drawings. 

The length of journals and the distance between them, centre to centre, and between 
collars shall not be more than 0.02 inch above or below the figured dimensions. 
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The diameter of finished seats for wheels and gear wheels shall be within the limits 
figured on the drawings. 

When axles with rough-turned wheel or gear wheel seats are specified, the diameter of 
the wheel seat shall be left 1/8-inch over the nominal size for the finished seat as shown 
on the appropriate drawing. All other parts shall be finished and polished as required 
herein for finished axles. 


SMouLd BE LESIBLY 
AT SUEFICIENT 


ROOM FOR THE INSOFCTORS STAMD ARNO AINGEO 


ROUND WITH W/HITE PAINT. 


Ns OF TYRE ON THIS 
“$iD€ 


ne OF WHEEL CENTRE 
On THis Si0e 


Yo ®€ PAINTED ON WITH 
We LCeTTERs, IN YCLLOW 

THE SAME LETTERING ALSO TO 
GE PAINTED ON THE SLEEVE OF 


ROLLER BEARING TRACTION 
MOTOR SUSCENSION 


STAMPING AT A ENO STAMPED CETTERS TO BE 4 wicn STAMPING AT BEND 


ON CHAMFERED PORTION. ON CHAMESAED PORTION. 
Qu: ns ® MANUFACTURERS NAME 
@ cAsT_N® 
(©) are (MONTH & YEAR 


@ CA WHEN WHEEL _AND/CR GEAR SEATS 
ARE COLD ROLLED 


Fig. 8. 


10. Marking of finished axles. 


The marking (Clause 4) shall be re-stamped cold on the chamfered portions at the ends 
of the journals after machining. 


11. Protection. 


The finished portions of axles shall be coated with white lead and tallow or other ap- 
proved coating medium after being machined, and all journals and finished wheel or gear 
wheel seats securely protected from damage in transit. 


Office of the chief mechanical engineer (Railways, Acton works, Bollo lane, Acton W. 3. 


Revised March, 1931. 
Revised March, 1937. 
Revised September, 1938. 
Revised February, 1945. 
Revised February, 1947. 
Revised 2nd April, 1947. 
Revised January, 1948. 
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85. What is the method of suspension of the bogie frame on the wheels ? 
86. What are the characteristics, the deflection in cm 
laminated springs; 
volute springs; 


/t (tonne) and the maximum deflection of the 


ADMINISTRATION : : : f 
Electric locomotives Diesel electric locc 
i ee 
London Transport Suspension of bogie frame | 
Executive on wheels. | 
Axle boxes. 
| { 
| 
British Railways Suspension of bogie frame | Laminated side springs + 
(Southern Region) on wheels. auxiliary coil springs. 
Axle boxes. Plain white metal boxes 
with straight guides. | 
Lubrication pad under | 
journal. 
British Railways | 
(Eastern Region) 
Ceylon Government Suspension of bogie frame 
Railways on wheels. | 
Axle boxes. 
Pennsylvania Railroad See attached. | 
| 


Suspension of bogie frame 
on wheels. 
Axle boxes. 


British Railways 
(London Midland Region) 


Suspension of bogie frame | 
on wheels. 


Victorian 
Government Railways 


Axle boxes. 
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! springs; 

»ber blocks; 

ck absorbers (or rebound dampers). 
pe of axle boxes and type of guides. 


cS a ES SE SS SE 


1 


ple unit electric Multiple unit Diesel Diesel electric rail cars Diesel electric shunters 
notor cars electric motor cars 


, coil springs + 
ited side springs. 

roller bearings 
yxes with mangane- 
rl horn guides. 


2d_ side bearing | 
35 
1/2” plain bearing 


with straight gui- 
il waste lubrication. 


Laminated side springs -+ | Laminated side springs + | 


auxiliary coil springs. auxiliary coil springs. 

Roller bearing boxes} Roller bearing boxes 
with manganese steel with manganese _ steel 
liners. liners. 


ed side springs. 


ie cast steel 
Guides of cast iron 
nganese steel. 


| spring beam. 

r with coil springs. 
ce cast steel with 
bearing. 

vaste lubrication. 
ides of hardened 


aa 
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Attachment to Questions 85, 86 and 87 — 
EXHIBIT «G» 
: 


The Pennsylvania Railroad. 


Electric locomotives. 

Truck frame is supported on a semi-elliptical spring on each pedestal type journal box; 
the inside ends of the springs carry equaliser bars which support the frame at the transverse 
centreline of the truck and the outside ends of the springs carry hangers with helical springs 
which support the frame at the ends. 

The spring rate per truck side for the group is G. 54 cm/Tonne (.296 cm/Tonne for heli- 
cal and .242 cm/Tonne in. for elliptical.) 


Diesel-electric locomotives. 

Truck frame is supported on helical springs on equaliser bars supported on pedestal | 
type journal boxes. Springs consist of 2 elliptical (2-unit) springs at bolster and 4 helical 
springs on equaliser bars per truck side. 

Spring rates per truck side : 


Bolster: SvOUp) apes ae (o> te ee ee ee .28 cm/Tonne. 
Equaliser 2 2. p25 ls dd. sa eh eR es Lt Onn somite: 


| 
| 
i 
{ 
Multiple unit cars. | 
Truck frame supported on helical springs on wing type journal boxes. Springs consist | 
of one elliptical (5-unit) spring at bolster and four helical springs on wing type boxes per | 
truck side. | 
Spring rates per truck side : | 
Belster-springs: "f° 2 84). (2... i ate oe a eG Oren Tone: | 

‘Journal box jsprmes ss)... soo) oe een Conor Lenin: 

| 


New multiple unit cars. 

Truck frame supported on helical springs on equaliser bars supported on pedestal type 
journal boxes. Springs consist of four helical and one elliptical (single unit) at bolster and 
four helical at equaliser per truck side. 


Spring rates per truck side : 


Bolster: group 2 2s. 1 Se pes « 2s . 6«1 S75 emiilonne: | 
Equaliser“group 2 « 2 PSs) 20208 7 6 =e Gee ee 2 emnnoniie: 


Diesel-electric rail cars. 


Truck frame is supported on helical springs on equaliser bars supported by pedestal 
type journal boxes. Springs consist of one elliptical (3-unit) at bolster and two helical at 
equaliser per truck side. 

Spring rate per truck side : 

Bolster springs - (2 a 2G) ee aeons ene = ery al ones 
Equaliser springs). “29. ta. ue) 2) ee ee OO eaters 


The above springs are the only types of cushioning means generally used on the trucks 
under the equipment being considered. 
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British Railways (Southern Region). 


Electric locos. 


Laminated side springs. 


(a) 1 372 mm centres. 13 plates, 152 mm wide x 10.54 mm thick, and | plate 152 mm 
wide < 9.5 mm thick. 

(6) Deflection — 1.23 cm/tonne. 

(c) Total deflection — 9.2 cm. 


Electric motor cars. 
Laminated side springs. 
(a) 1372 mm centres. 9 plates, 102 mm wide x 15.87 mm thick. 
(6) Camber free 85.52 mm, 6.35 mm camber at 5.9 tonnes. 
(¢) Deflection — 1.06 cm/tonne. 


London Transport Executive. 


Multiple unit motor cars. 


1938 Tube «O» & «P » Surface 


Multiple unit motor cars = == = 
Cm/Tonne Max. Cm Cm/Tonne | Max. Cm 


——— ee 


Bolster. 

CO ap as geen, Aint ot ee iNet} 7.31 0.665 | 4.54 
| 

Side springs. 
Mena Tenmmmeneel Wh, AN, 3 6 5 4 6 © 1.36 8.74 ils} |i 11.01 
ANmbailienay @eril WIS IN 2 3 ee COIS) ‘ 0.846 ‘ 
Main laminated N. M. A... ... 1.68 8.76 2.07 9.78 
/Nubaiieray Goxll IN IMIG Nes G46 Se 1.38 ‘ 0.846 | ; 

SS EE SSS ESS SSS ETSI 

IML, AN = Motored axle. 

N. M. A. = Non-motored axle. 

WVote. — For tube stock auxiliary coil spring deflections are given as an average, laminated 
springs being also asymmetric, requiring different auxiliary coil springs at each 
position. 

Ceylon Government Railways. 

Diesel-electric motor cars. 

Deflection. 
Motor bogie laminated springs ... . .. ... . .68 cm/t 
Motor bogie auxiliary coil springs. ....... .065 cm/t 
Articulated bogie lammated springs... . . .. 1.02 cmit 


Articulated bogie auxiliary coil springs. . . . . . 1.02 cmi/t 
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Diesel-electric rail cars. Deflection. 
Motor bogie laminated springs... ....... . 1.36 cmit 
Motor bogie auxiliary coil springs. .......- .98 cmit 
Trailing bogie laminated sprmg > ........ 1.13 ‘emit 
Trailing bogie auxiliary coil spring ....... .46 cm/t 


British Railways (Midland Region). 
Electric motor cars. 


(a) Laminated side springs. 


Centres of suspension bolts... .......- - 1375 mm 
Deflection of one spring . . Sate 5. cee 2G emt 
Maximum movement from « tare » " position wl. AP er 


(b) Bolster springs. 


Two concentric « ‘Timmis » section snes, 
Deficetionsot one nest 4)... ess 3 877 cm/t 
(Maximum movementtromecqiaite> position Pg tees CON, 


Victorian Government Railways. 
Multiple unit electric motor cars. 


Laminated springs. 


Full elliptic (4 per nest), 9 plates 7.6 cm x .95 cm, length 89 cm unloaded. 


Maximum deflection : 9.95 cm. 


Coil springs. 


Outer 


Outsidesdiamectetag. aaasme- ahaa ee eee ee nee 22.9 cm 14.6 


Diameter ol bars = 5 6 cen Ue en eee eee 3.8 cm 2.54 
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Inner 


Frees heist tame eee ee ann Ae te eres ee 33.8 cm 33.6 


ACUIVEZ COILS Au Sa roe ae ey tea ee 12.1 cm 19.1 


cm 


Deflection re rc We fey oh, 1.675 cn/tonne 3.425 cm/tonne 
Maximum deflection. . Fea 6.655 cm 6.502 cm 


88. Initial play between the guides and the axle boxes. 


89. Maximum play between the guides and the axle boxes. 
90, Initial lateral play of the motor axles (mm). 


I aa a 


ADMINISTRATION 


Electric locomotives 


Diesel electric loc 


es ee ean | 


London Transport 
Executive 


Axlebox play : 
a) initially; 
5) maximum. 
Lateral play of axle : 
a) initially; 
b) maximum. 


Flexible connections. 


British Railways 
(Southern Region) 


Axlebox play : 

a) initially; 

b) maximum. 
Lateral play of axle : 

a) initially ; 

b) maximum. 
Flexible connections. 


.076 mm 
AS) mm 
Ist & 3rd axle. 
1.58 mm 20 mm 
4.75 mm 25.4 mm 
Not used. 


Middle 


British Railways 
(Eastern Region) 


Ceylon Government 
Railways 


Axlebox play : 
a) initially. 
Flexible connections. 


Pennsylvania Railroad 


British Railways 
(London Midland Region) 


Victorian 
Government Railways 


Axlebox play : 

a) initially; 

b) maximum. 
Lateral play of axle : 

a) initially ; 

b) maximum. 
Flexible connections. 


Axlebox play : 

a) initially; 

b) maximum. 
Lateral play of axle : 

a) initially : 

b) maximum. 
Flexible connections. 


1.5 mm 
3.0 mm on high 
9 mm (total) 
18 mm 
Not used. 


Axlebox play : 

a) initially; 

6) maximum. 
Lateral play of axle : 

a) initially; 

b) maximum. 
Flexible connections. 


91. Maximum lateral play of the motor axles (mm). - 
92. Do you use a flexible connection between the axles and the axle boxes or between the bearings and the axle boxes? 
If so, would you give particulars from the point of view of the elasticity as well as a concise description. 


ticle 


Multiple unit electric Multiple unit Diesel 


: Diesel electric rail cars Diesel electric shunters 
motor cars | electric motor cars 


8.7 mm possible 
4.7 mm normally. 


Not used. 
1.59 mm. 
3.18 mm. 
3.18 mm 
6.36 mm 
Not used 
3.0 mm. 3.0 mm. 
Not used. Not used. 
1.5 mm. 1.5 mm. 1.5 mm. 


4.5 mm on moderate speed trucks. 


9 mm. 9 mm. 9 mm. 
18 mm. 18 mm. 18 mm. 
Not used. Not used. Not used. 

6.35 mm. 


10.00 mm (approx.) 


About 3 mm. 
Hardly any wear. 
Not used. 


1.5 mm (total) 
3.0 mm (total) 


6.0 mm (total) 
12.0 mm (total) 
Not used. 


25% 


93. Effect of the play of the axles on good riding. 


94, Possible effect of the intermediate and rear axle 


rail and wheel. 
95. Particulars of the connections between bogies. 


96. Effect of the transverse coupling between bogies on the flange wear and on t 


nation of curves. 


ADMINISTRATION 


Effect of axle play. 
Effect of intermediate 
and rear axles. 
Effect of bogie coupling. 
Advantages of : 
a) bolsters. 


London Transport 
Executive 


son the axle ahead yom the point of view of the force 


he riding of the vehicles at th 


EEE 


Tyr 


Electric locomotives 


Diesel electric locomoti’ 


Effect of axle play. 
Effect of intermediate 
and rear axles. 
Effect of bogie coupling. 
Advantages of : 
a) bolsters. 


British Railways 
(Southern Region) 


Can be critical. 


No information. 


No coupling. 
Not fitted. 


British Railways 
(Eastern Region) 


Ceylon Government 
Railways 


Effect of axle play. 
Effect of intermediate 
and rear axles. 
Effect of bogie coupling. 
Advantages of : 
a) bolsters. 


Pennsylvania Railroad 


Causes «shimmy, galloping 


Negligible. 
No coupling. 


A bolster improves the ger 


Effect of axle play. 
Effect of intermediate 
and rear axles. 


British Railways 
(London Midland Region) 


Effect of bogie coupling. 


Victorian Effect of axle play. 


Government Railways 


Effect of intermediate 
and rear axles. 


Effect of bogie coupling. 


lyantages and disadvantages from the point of view of good riding of bolsters : 


a centering arrangement and of a compensating device for tha bogies, 


an anti-nosing arrangement, 


an anti-weight transfer arrangement (unloading of the axles), 


coupling of bogies in the lateral plane. 


a 


iple unit electric Multiple unit Diesel 
motor cars electric motor cars 


Diesel electric rail cars 


Diesel electric shunters 


| 


Not known. 


2 axle bogies. 
lo coupling. 


ter of some form 
rs essential to 
It bogie motion 
carried to body. 


n be critical. 


2 axle bogies. 
[o coupling. 


perience of other 
$ Of suspension. 


-» when play is excessive. 


lance of the truck. 


» play can induce 
vehicle shock and 
es hunting and | 
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98. Have you vehicles with motor bogies with three axles? What experience have you got with these b 
general arrangement drawing of the construction. 


ADMINISTRATION | | 
Electric locomotives | Diesel electric ! 


: 
| 
/ 
| | 
| 
’ 


London Transport Experience of 3 | 
Executive axle trucks. 

Experience of 3 | 

bogie vehicles. 


British Railways Experience of 3 Combined with damping 
(Southern Region) axle trucks. of seg. bearing to pre- 
vent hunting at maxi- 
mum speed. 


Experience of 3 


bogie vehicles. None. | 
British Railways Experience of 3 
(Eastern Region) axle trucks. 


Experience of 3 
bogie vehicles. 


Ceylon Government Experience of 3 

Railways axle trucks. 
Experience of 3 | 
bogie vehicles. | | 


Experience of 3 None. ee! 
axle trucks. (See drawings 
Experience of 3 | 
bogie: vehicles. Nor 
British Railways Experience of 3 | 
(London Midland Region) axle trucks. 


Experience of 3 
bogie vehicles. 


Victorian Experience of 3 
Government Railways axle trucks. 
Experience of 3 
bogie vehicles. 


a 
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ave you vehicles with three bogies or more and what is your experience in this regard? A general arrange- 
ent drawing of the construction. 


iple unit electric 
motor cars 


| 


Multiple unit Diesel 


electric motor cars 


| Diesel electric rail cars 


| 


Diesel electric shunters 


None. 


None. 


None. 


None. 


None. None | 
4 coach artic. train units. 
None 
|—— - | = 
| 
None None None. 
None | | None None. 
| 
None | 
None | 
None 
None 
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100. Arrangement for avoiding wheel spin. 


101. Arrangements for giving warning of the commencement of wheel spin. 
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PR RS 9 SE SE DEEDES EDEL EET EEA 


ADMINISTRATION 


Electric locomotives 


Diesel electric loc 


London Transport 
Executive 


Avoidance of wheel spin. 


Indicating devices. 


British Railways 
(Southern Region) 


Avoidance of wheel spin. 


Indicating devices. 


Sanding apparatus. 


None. 


British Railways 
(Eastern Region) 


Ceylon Government 
Railways 


Avoidance of wheel spin. 


Indicating devices. 


Pennsylvania Railroad 


Avoidance of wheel spin. 


Indicating devices. 


difference 


A relay actuated by speed 
of motors 
Operates a lamp and 
buzzer. 


| 

! 

4 

A relay Re. | 


difference of! 


reduces moto 


British Railways 


(London Midland Region) 


Avoidance of wheel spin. 


Indicating devices. 


Operates a 1 | 
' 
| 


Victorian 
Government Railways 


Avoidance of wheel spin. 


Indicating devices. 
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tiple unit electric 
motor cars 


ee 


rating relay set so | 
wheel spin shall not | 
rt on axle with mi- | 
im adhesive weight. 
sduced T. effort is 
able for greasy rail 
itions. The king | 
are offset to give | 
ter adhesive weight | 
iotored axles. 


| 


None. | 


Multiple unit Diesel 
electric motor cars 


Diesel electric rail cars 


None. 


Diesel electric shunters 


$a 


None. 


None. 


None. 


None. 


BWV RSS 
Pex wo Fe 


0 LASE. Le Ere eee et eee a) ae a a a 


Pennsylvania Railroad. 
| 
| 
| 
} 
| 
1 


102. Describe in detail the arrangements designed b 
the vehicle when running. 


> Sb) Bsa es Shiner tam de if fistadw ere 
GINS “WNP/LICOW OS 


MP eoow peouneeias Bees C1, 


J 


Speed Meee 


3 ow Tf yusea 


vA mena | 
wets aid BA 


awees WON 


ue HM ONSET © 


(Pennsylvania Railroad.) 


Electric locomotives. 


— Engine truck restraint arrangement. 


Ine, Bh 
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103. Results in service of the various types of bogie giving all possible information concerning failure 
assignable to bogies and to their suspension. Measures taken to avoid their recurrence. 


104. Comparison of the costs of maintenance of the different types of bogie. Do the results obtained 
justify the first cost and cost of maintenance? 


London Transport Executive. 
(Multiple unit electric motor cars). 


Maintenance. 


Table below sets out failures for one year : 


No. of occurrences 


Failure — Remarks 
1938 | «O» and 


tube stock | « P » stock 


Roller axle bearing hot . oe 4 3 Axle box changed. 
Roller suspension bearing defective . z — Sleeve replaced. 
Broken motor nose . 5 = Replacement of welded by 
riveted type has largely 
| overcome this trouble. 
excessive bolstensend splay.) sa): 2 —- Due to cushion pad worn 
| or missing. Pad replaced. 
Broken auxiliary side spring. 1 | — Replaced. 
Broken shoe beam pocket . 1 | — Replaced. 
Axle journal sleeve loosened. 1 — Wheels changed. 
Bolster binding tm-pocket, . 4.0.0. 2). 2 = Eased. 
Brake block adjusting screw defective . — | 3 Renewed. 
Brake rod split casting broken. : — | als Renewed. 
Lotala ee 18 | 7 
| 
armilcase tmerees a Gh ees rs Pe (2 2B Sle OSs: 
Failures per 100000 car miles. . . . .025 .0768 
- Overhaul. 
Difficulty has been experienced with bogies of welded construction due to fractures 
developing. 


The measures adopted to overcome this trouble include stress-relieving (1 hour at 650° C) 
and the avoidance of carrying welds up to a stressed edge. Electric and acetylene welding 


are both employed where appropriate but principally the former. 
In future designs the bogie will consist of welded side frames with fabricated cross mem- 


bers riveted to them. 
Each welded assembly is separately stress-relieved. : 
The arrangement permits of easy replacement of a whole member, should fractures 


develop due to faulty material. 


Maintenance. 


Costs not available as figures cannot be separated from total costs. 
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Overhaul. 
The cost of overtatl of these bogies is estimated to be as follows : 


EEE 


Surface line stock 
1938 tube stock (O» & «P») 


(a nnn eS EEE EEE SER ESSISEESEEEEESEEEEEEE| 


abouts soe ee eo ee ee ee (AaOROe Lomas 
ig ee aka ee Te (inti 
uc eras ELEN eT Tp POET yy ee 21), 


Repairs during overhaul. | 
LabOutaoemeie, ches ee remot ae me —.16. 6. Bio hs, Ox | 
SUWOKSs 5 x 


Stress relieving. . . 


\ 

These costs are incurred every four years, so reducing to an annual basis : 
1938 Vtubes:e&. /.20..0,.per aunum: 
1938 surface £ 10. 5. O. per annum. | 

The above do not include any costs concerning wheels, axles, axle boxes or brake blocks. 
j 

i 

| 

| 


General. 

Experience with other than conventional types of bogie is so limited that comparisons 
are not possible. 

Any changes must conform to the requirements implied by the question. 


British Railways (Southern Region). 
Electric motor cars. 
The performance of these bogies is very good. 
Overhaul is carried out every 241 000 km. 
Failures include occasional broken side springs and side spring hanger bolts. 
No costs are available. 


Pennsylvania Railroad. 
All types of stock. 

The pedestal type of bogie with swing bolster gives satisfactory service. These bogies 
have hardened cast steel frames and hardened steel axle box liners and horn guides, as well 
as bushings for bolster swing links and brake pin holes, to facilitate maintenance. 

Axles and equalizers are periodically tested for incipient flaws on a « Magna Flux > 
tester. 

No figures on cost of maintenance are available. 


Victorian Government Railways. 
Electric motor cars. | 
Pressed plate frame type. | 
Original type now obsolescent on account of the development of cracks. 
Channel sided type. 
Limited number only placed in service giving satisfactory service. No failures but replal 
cement will be of the cast steel type. 
Cast steel type. | 
Giving satisfactory service, now the standard replacement bogie. | 
No figures on costs are aycnlltsile. (to be continued) | 


ee 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


15th. SESSION (ROME, 1950). 


QUESTION V. 


lmprovements in the construction of rolling stock (motor and 
trailer) in view of increasing the mileage between repairs : 


— solid wheels or with tyres (metal used for the tyres and 
solid wheels, behaviour in service) ; 


— axle boxes; 


-—- wearing and friction metals ;. 


springs (qualities, shape, manufacture). 


REPORT 


(America (North and South), Burma, China, Egypt, Great Britain and North Ireland, Dominions, 
Protectorates and Colonies, India, Iran, Traq, Malay States and Pakistan) , 


by E. Pucson, 


‘Chief Officer (Carriage & Wagon Construction and Maintenance), The Railway Executive, British Railways, London; 


and L. Lynzs, 


Technical Assistant to 


Carriage & Wagon Engineer, The Railway Executive, British Railways, Southern Region, 


Brighton (Sussex.) 


The Questionnaire, which was prepared 
for Question V, was sent to 26 Adminis- 
trations. 


The Railway Administrations, who have 
answered the Questionnaire are as follows : 

British Railways (The Railway Execu- 
tive) ; 

London Transport Executive; 

Victorian Railways, Australia; 

Ceylon Government Railways; 

Sudan Railways; 

Indian Government Railways; 

Pennsylvania Railroad Company, United 
States of America; 

New Zealand Government Railways: 

South African Railways and Harbours. 


26 


The following have regretted their inab- 
ility to reply : 
Nigerian Railway, West Africa; 
East African Railways, Kenya, 
Africa ; 
Burma Railways, Burma; 
Iraqi State Railways. 
The remainder have made no comments. 
eK 


East 


Introduction. 


The following questionnaire refers equally 


to steam and electric locomotives, _ self- 
propelled (including electric) rail cars, 
electric motor coaches, carriages and 
wagons. 
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It has been requested, therefore, that 
separate replies be given for each of the six 
types of vehicles mentioned above. 


BRITISH RAILWAYS’ EXECUTIVE. 


The practices of the former Railways now 
constituting the British Railways are shown; 
standardisation of these practices is receiv- 
ing active consideration. 

CK 


LIST OF QUESTIONS. 
A. GENERAL. 
QUESTION 1. 


State the regulations which govern mainten- 
ance and periodic repair of locomotzves, 
carriages, wagons, rail cars, etc. What 
are the conditions of wear of details (e. g. 


the hollowness of tyre before removal ) 
which have led to the fixing of these regul- 
ations? 

REPLIES. 


BRITISH RAILWAYS. 
All Regions. 


Steam locomotives. 


The shopping procedure is on a uniform 
basis in all Regions and may be summarised 
as follows : 

The shopping of locomotives for repairs is 
under the control of the Regional Mechan- 
ical Engineer through a regional shopping 
bureau and is arranged according to the 
actual condition of the locomotive when 
considered for repairs. 

For the purposes of repairs in Main 
Works, time periods are specified at which 
the condition of a locomotive in service 
is reported to the Mechanical Engineer’s 
shopping bureau by the Superintendent of 
the Motive Power District to which the 
locomotive is allocated. The period for 
each class of locomotive is determined by 
experience based on the average mileage 
run per month and the type of work 
upon which the locomotives are engaged. 

The decision as to whether a locomotive 
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should be given repairs or not is based 
solely on the physical condition as reported, 
and arrangements are made for locomotives. 
to be reported upon on a subsequent date, 


decided by the shopping bureau, if condition 


at the time the first report is made indicates. 
that a shop repair is not then necessary. 
No precise limits of general application on 


all Regions are laid down for the conditions — 


of wear which determine 
these must be taken in conjunction one with 
another. 


London Midland Region. 


Coaching and wagon stock. 


Flange wear — (minimum) (British 
Railways’ Railway Clearing House Regul- 
ations) : flange width 7/8” and 9/16” from 
toe of flange. 

Tread wear : 

Special and class «A» stock 
services) : 1/16” hollow maximum. 
Other stock : 3/32” hollow maximum. 

Wagon stock : 3/16” hollow maximum. 

All carriage underframes and _ bogies 


must be given a General Repair after a 
period not exceeding 10 years. 


(Fast 


Prior to the last war wagon maintenance 
programmes were nominally based on the 
following schedule 


(a) Heavy general repairs carried out on an 
eight yearly cycle (average). ‘This cycle 
applied to all types of open and covered 


vans except goods brakes and specially | 


constructed wagons, irrespective of whe- 
ther of wood or steel construction. No 
provision is made for the scraping and 
painting of steel frames at any period 
between the eight yearly cycles; 


(6) A six yearly cycle for heavy general 
repairs of goods brakes and specially 


constructed vehicles. 


to brake equipment 
vehicles at intervals of four years. 
Light and minor repairs are carried 
out at outstation depots. 


shopping, as. 


Main workshop examination and repair 
of fully fitted 


: 
| 
| 
} 
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Electric stock. 

Tyre 
turning 
average 
mileage 


80 000 
150 000 
70 000 


Liverpool/Southport 
Wirral 


Eastern and North Eastern Regions. 


Electric motor coaches and carriages. 


The period over which carriages and 
electric motor coaches may be run is con- 
trolled mainly by the condition of the tyres, 
bolster clearances and wear on side bearer 
pads. 


Wagons. 
Maintained and repaired in accordance 


with the British Railway’s Railway Clear- 
ing House Regulations. 


Western Region. 
Carriages. 
3/64". 
Wagons. 
B16”, 


Southern Region. 


Carriages and wagons. 


Dealt with on two yearly basis for light 
repairs and five yearly basis for general 
overhaul. No defined limit for tread wear 
of tyres, carriages and wagons are withdrawn 
when tyre flanges are worn to the minimum 
specified by British Railways’ Railway 
Clearmg House Regulations. 


Multiple unit electric stock. 


General overhaul : 
Suburban stock : 100 000 miles. 
Express stock : 80 000 miles. 


Wear on motor wheel tyres the main 
factor determining the periods. 
London Transport Executive. 


Examination of passenger rolling stock 
is carried out at the running sheds every 
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three days by semi-skilled staff and in greater 
detail every four weeks by a larger number 
of staff including some tradesmen. Every 
four years, or 200000 miles (whichever 
should be completed first) the cars are 
overhauled at the central overhaul works. 


Victorian Railways, Australia. 


Steam locomotives. 


Practices card U/15.)- 

A periodical examination must be made 
at each « A» examination, the basis of which 
is every 1500 mile; for narrow gauge 
engines, the basis is every month, whichever 
comes sooner. 


Electric locomotives. 


Routine inspection at every 3 500 miles. 
Lifted for tyres and journal bearings at 
50 000 miles. 

Electric locomotives used on suburban 
goods and shunting service : inviting tenders 
for 17 electric locomotives for passenger and 
goods trains (45 000 lbs. tractive effort at 
starting). 


Rail cars. 


Practice card F/21. 
Routine inspection every 4000 miles. 


Lifted for tyres and journal bearings at 
50 000 miles. 


Electric motor coaches. 


Practice card F/21. 

Routine inspection, every 3500 miles. 

Lifted for tyres and journals at 80000 
miles. 

Rail cars, electric motor coaches with suburban 
trailer cars must be lifted and examined 
when wheels or journal bearings require 
attention. 


Carriages. 

Practice card F/21. 

A periodical « lift >» must be made, the 
basis of which is : 

Victorian and South Australian joint 
stock cars and vans : 150 000 miles; 

Cars on Melbourne-Mildura (Victoria) 
run : 12 months; 
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Certain cars and vans on important 
express running : 18 months; 

Certain other important cars : 2 years; 

All other bogie cars : 2 1/2 years. 


Wagons. 

Practice card .F/21. 

A periodical lift must be made, the basis 
varies from 18 months for certain vehicles 
used on important express running to 7 
years for less important and lower speed 
trains. 

Condemning gauges have been developed 
for application to all tyres of the above 
groups of rolling stock. 

Three sizes viz : 3/4" flange condemning 
gauge, used on coupled driving wheels of 
locomotives rail motor non-driving wheels, 
cars, vans, and wagons. 13/16” flange 
condemning gauge, used on electric locomo- 
tives, all cars in electric suburban service, 
locomotive tender wheels, rail motor driy- 
ing wheels. 

7/8" flange condemning gauge, used on 
coupled leading and trailing wheels, pony 
and certain trailing truck wheels of locomo- 
tives. 

These gauges indicate that the tyre must 
be returned 


(a) when the flange height exceeds the 
maximum permitted, or; 

(b) when the flange contour has excessive 
wear on tread and bottom fillet, or 


(c) when flange thickness is 
minimum permitted. 


below the 

In addition a tyre thickness condemning 
gauge determines when the tyre has reached 
the last turning or condemning thickness. 
The class of service and the load on the 
wheel decide the latter. 


Typical : 


Fig. 1 shows the 13/16” flange condemning 
gauge and Fig. 2 the method of using it. 
Fig. 3 shows the tyre thickness condemning 
gauge and Fig. 4 the method of using it. 


Ceylon Railways. 
Locomotives. 


Mileage basis. Average 40 000 between 
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shopping. Condition : standard C. G. R. 


tyre profile. 


Carriages. 
21/4 year basis. Standard C. G. R. tyre 
profile. 


Wagons. 


4 year basis. Standard C. G. R. tyre 
profile. 


Serio! Number 


Fig. 1. — 13/16’ Flange condemning gauge for 
tyres (Victorian Railways, Australia). 


Pennsylvania Railroad Co., U. S. A. 


The fixing of class (periodic) repairs has} 
been dictated by experience which showed| 
the point at which running repairs were} 
beconming too frequent to justify operating | 
equipment without complete overhaul. | 
Classified repairs are generally made after 
the following amount of service : 


(a) Steam locomotives : freight 100 000 miles; 
passenger 125000 to 150000 miles; 


(b) Electric locomotives : freight 375 000 miles3} 
passenger 400000 miles; 


(c) Motor rail cars : 4 years; 
(d) M. Uscars 34 years: 


(e) Passenger cars : coaches, 4 years; sleep 
ing cars, 3 years; dining cars, 2 year 
with an intermediate shopping betwee 
class repairs for reconditioning an 
painting; 


(1) Freight cars : 8 to 12 years dependin 
upon type. 
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Size of gauge stamped here 
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Size Of gauge stamped here 
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FLANGE CONTOUR 


3 ola. holes 
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Size of gauge stamped here 


42 


— Method of using flange gauges. (Victorian Railways, Australia. ) 


Serial Number 


fo) WAM Coarse Trailers t + 0 
af Sons ; DEIN E&Y Coupled Wheels 4 i 
ectric Locos 4.R.S,& 60 Ton Crone Bogie ' ) 
trom car, Soe x C.KN, & X Pon 
jagons (5-3 x 2-€ Rail Gouge) » ALG. D> 
Ss Buick & Dodge Inspec eared 5 mA ey Ae Wheels 
\ if Noter Natl carey “y E’Aas Coupled Wheels 
PERM. N°® 5G to 64 veres Coupled 
BERM. N&> 51 to 54 LUNE Bogie 
Fordson Rail Tractor “ . ~ abe Trailing Truck Wi 5 - 
PERM. N° 55 Non Driving Bogie a Wee Radial Wheels - } if Suny 
Brill RM. N° Qa . . . ) Tender = Zale 
TG&O Cars All Wheels H&R Coupled Wheels 4§ aoe 8 G 
baal licarsieivase (8-3 Rail Gauge) + res + lsex inal Truck Whee ia a pois iv 
S.ERM NO* | to 19 ‘ H.R,S&X Tender Wheels ae 
peers Y ch BEF ie Aine te 
pe. i ld Steom Cranes oS 
PERM No 55 & Brill RM N° 44 Driving Bogie 5,7. 10 & 30 Ton All Wheels Se A) ~ 
C(Cers & Vans (2-6 Rail Gouge) All Wheels s ee J at 
+D{Wogons CS. Bogie ,(E&someTonks)* + 4 Ae 
we Reverse side of gauge eee al 
Lines AB COE to be marked Boa ee al 
on both sides of gouge. e 
Fig. 3. — Tyre thickness condemning gauge. (Victorian Railways, Australia.) 


Sudan Railways. 


Local regulations lay down heavy 

repair shopping as follows 

(a) Coaching and wagon stock — every 
2 years. 


Fixed as the result of many years 
experience and governed by the 
condition of all details; tyres, journ- 
als, brake rigging, body condition 
and paint. 


Gouge 


4 

8 

Gouge Ines — | 
£ 

2 a 


foce of tyre 


Limit of wear groore in tyre 


line © Push with 


- Ps ci ym shred fi 
of limit of wear groove: 


miner 


Note 


Fig. 4. — Method of using tyre thickness cond- 
emning gauge. (Victorian Railways, Australia.) 


(b) Locomotives. 


Shopped for heavy and light shop repair 
very largely on condition. « Aim » mileages 
for heavy repair exist, but decision to shop 
not rigidly governed by this method. 

It is believed that the Sudan with its desert 
sand and strong wind provides one of the 
most trying conditions in the world for 
locomotive wearing parts. As an indication 
of the operating problems the tyre wear on 
locomotive driving wheels has long been 
an extremely expensive problem. After 
careful experiments a special wear-resisting 
tyre of 70 ton tensile steel has been adopted 
but even so under desert conditions the tread 
wear frequently reaches 5/16” (measured 
on radius not diameter) after 10 000 miles 
running. 

In all cases, boiler condition (copper 
firebox plate wastage, and erosion of tubes, 
and steel and copper stay wastages) dictates 
heavy repair. 
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Regarding light shop repairs, again 
there are only « Aim » mileages laid down. 
Varying standards of track, and terrain 
(loose sand primarily) make shopping for 
light repairs to be ruled by engine condition. 
In practice, hollow tyre tread wear, 
axlebox wear, and slack in motion pins 
and holes, rule shopping. 


Indian Government Railways. 


Repairs to locomotives, both in main 
workshops and running sheds, are regulated 
on mileage basis. Mileage for workshop 
repairs varies from 100000 to 150000 : 
should condition of the boiler permit, this 
mileage can be exceeded. A locomotive 
may receive one or two intermediate re- 
pairs in running sheds or shops between 
periodical overhauls. 

Carriage and wagon stock repaired in 
workshops on time basis. 


Coaches overhauled at intervals of 6 — 
36 months depending on the service alloca- 


Locomotiwe Mileage between « A» overhauls. 


Districts 


Group 1 Group 2 


Varies from 
75 000 
to 90 000 


Various 
70 000 
to 85 000 


Group 4 must be shopped for overhaul 
at intervals not exceeding four years. 


New locomotives. 


Before their first overhaul should run a 
total mileage of 20 % in excess of the 
schedule mileage in each case. 


Mileage to be run by locomotives recewing « B » 
class repairs. . 
When locomotives receive intervening «B» 

class repairs, the total mileage to be run 

between «A» overhauls should be 50 °% in 
excess of the schedule mileage in each cas. 


Rail cars. 


4-5 000 miles: inpection of engine. 
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Varies from | Varies from 
70 000 
to 75 000 


+ viel 
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tion. Wagons overhauled at intervals 
of 36 months. 

These regulations based on experience 
of general condition and not specifically 
on the attainment of any « condemning » 


limits of wear. 


New Zealand Government Railways. 


Steam locomotives. 


The mileage expected between heavy 
overhauls is laid down for each class of 
locomotive in each District, this having | 
been decided from experience. ‘The condi- | 
tions which determine this mileage are tyre 
wear, crank pin wear, axlebox wear, piston 
rod wear and general condition. 


| 

j 

Electric locomotives and multiple units. 

Period between major overhauls, roughly | 

200 000 miles, and governed by general 

mechanical condition. ‘Tyre wear deter. | 
mines intermediate overhauls. 

Abbreviated form of code No. 21 used 


for the above as under : 


Bc y Group 6 
Group 4 Group 5 Biectic 


10 000 Varies from 
100 000 


to 200 000 


Varies from 
60 000 
to 65 000 


20-25 000 miles, top-overhaul of engine. 

60-70 000 miles, full-overhaul of engine. | 

Tyre turning becomes necessary. between 
50 000 and 90 000 miles, but does not render } 
a general overhaul necessary, as the wheels} 
can be changed or removed for tyre turning. | 
General overhaul involving renovation of] 
the bodywork and interior depends on the} 
condition of these items and not on mileage, | 
which may exceed 100 000 miles. 


Coaching and wagon stock. 


Cars and vans are shopped for overhaul 
on mileage, the shopping mileage bein 
dependent on the grade of vehicle. The 
vehicles are graded according to the bogies 
for this purpose. 
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Class of Bogie 


Roller Bearing 
Other Ist grade 
Other 2nd grade 
Other 3rd grade 


The period between overhauls must not 
exceed 4 years in any case. General condi- 
tion of bogies and of bodies and interiors, 
and condition of bearings, tyres and brake 


rigging have been the deciding factors. 


See extract from locomotive code No. 26 
below. 


« Distribute every four weeks to district 
mechanical engineers graphs showing mile- 
age run by each vehicle since the previous 
lift. Cars are by then selected for workshop 
attention having regard to mileage run and 
general condition of vehicle. 

» Vehicles may be shopped earlier than 
scheduled at the discretion of the Car and 
Wagon Inspector. Vehicles which do not 
reach their scheduled mileage within a 
period of four years must be shopped at 
the end of this period. 

» When vehicles received in workshops 
for any purpose have completed 85 °% or 
more of the scheduled mileage for lifting, 
this operation is to be carried out. 

» Vehicles sent to-shops. for defect 
repairs not due for lifting have only sufficient 
work done to make them fit and safe to 
run, » 


South African Railways and Harbours. 


~ Locomotives. 


Locomotives are given an_ intensive 
examination approximately every 15000 
miles and items which would not give 
trouble-free service until the next routine 
stoppage, are repaired or replaced. ‘The 
only exceptions to this are certain boiler 
Operations consisting of washing out (time 
intervals between washouts depend on 
quality of water used) and also the monthly 
and yearly examinations which are based on 
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time intervals and with which the routine 
stoppage of the locomotives is now made 
to coincide. 

The above mentioned mileage between 
routine stoppages was found to be about 
correct for our conditions. ‘This figure is 
not immutable and, depending on the types 
of locomotives involved and the severity 
of the work performed in service, varies 
between 10 000 and 20 000 miles. 

The main idea behind this scheme is to 
keep a good locomotive in a good condition 
and not to rejuvenate an engine in poor 
condition. ‘This latter aspect is catered for 
by putting a locomotive through a heavy 
or an intermediate repair as dictated mainly 
by the condition of the boiler, the general 
condition of the locomotive, and its mileage. 


Carriages and wagons. 

These receive major repairs as follows 

Passenger coaches approximately every 
3 years, 

4-wheeled wagons (steel bodies) appro- 
ximately every 6 years. 

4-wheeled wagons (wooden bodies) ap- 
proximately every 4 years. 

Bogie wagons (steel bodies) approximately 
every 4 years. 

Bogie wagons and vans (wooden bodies) 
approximately every 3 years. 

Interim light repairs are carried out 


whenever any particular item requires 
attention. 
Hollow tread wear on wheels of all 


rolling stock is limited to a maximum of 
1/4". Flanges are permitted to wear until 
either. 

a) The thickness of mid height is reduced 

from 1 1/8” (original) to 3/4” or 

b) The inclination of the flange face from 
the vertical is worn to 15° or less in con- 
junction witha radius at the tip of 1/4” 
or less. 

QUESTION 2. 


Can it be said generally that mileage between 
repairs has been increased with improved 
modern rolling stock and locomotives? If 
possible give examples. 
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REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 


Steam locomotives. 


Yes. Improvements such as larger bear- 
ing surfaces and special material have 
increased the mileage between repairs. A 
good example is the use of manganese steel 
liners for the wearing surfaces between 
axlebox and horn guides which have 
resulted in an increase in mileage between 
repairs of a certain class of engine from 


65 000 to 100 000. 


Coaching stock. 


Since tyre wear is the usual factor which 
governs shopping, improvements on rolling 
stock have not lengthened service between 
repairs but have tended to lessen the cost 
of maintenance. 


Wagons. 


Cast-iron divided type of axlebox which 
has dowel location between upper and 
lower portions, see Fig. 5, has given better 
results than the former type where location 
is made by means of a tongue and groove 
joint. 


Eastern and North Eastern Regions. 
Locomotives. 


Mileage between repairs has not shown 
any marked increase as yet, but there is 
every indication there will be an increase 
in miles between general repairs. It is the 
view that the mile run to-day is a much 
heavier and faster mile than it was before 
the improvements, such as large bearings, 
water treatment, etc., came into effect and, 
therefore, it can be said that there is greater 
mileage to-day than in the past. 


Western Region. 


Yes. Engine mileage between repair has 
increased in the order of 60 000 to 75 000, 


APRIL 1950 


Southern Region. 


Steam and electric locomotives. 


No degree of certainty that there is im- 
proved mileage between repairs with modern: 
locomotives of the types in use on this 
Region. 
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Fig. 5. — Standard divided type oil axlebox. 


(Railway Clearing House pattern.) British Rail- 
ways. Southern Region. 


Carriages and wagons. 


No evidence to support this view. The 
serviceability of wagons is expected to be 
increased by the use of cast steel and fabric- 
ated one piece axleboxes in lieu of the 
cast-iron divided and one piece axleboxes. 
Axleboxes of the latter types are frequently 
broken in hump marshalling yards entail- 
ing withdrawal from service and interrupt- 
ing transport of goods. 


Aprit 1950 


London Transport Executive. 


Mileage between heavy overhauls has 
increased from 100000 miles in 1933 to 
200 000 at the present day. 


Victorian Railways, Australia. 


All types of rolling stock. 
No evidence to indicate that mileage has 


been increased with improved modern 
rolling stock and locomotives. 


Improvements such as the application of 
roller bearing axleboxes have considerably 
decreased the maintenance necessary. 


Ceylon Railways. 


Design has not changed very much for 
any difference. 


Pennsylvania Railroad Co., U. S. A. 


Generally mileage has been increased 
between repairs with modern locomotives 
and cars as shown by the following examples: 


(a) Steam locomotives : integrally cast-steel 
locomotive frames, trucks, and tender 
frames replaced built-up type construc- 
tions. Mechanical lubricators, roller 
bearings, improved cylinder packing, 
force feed grease lubrication on valve 
gear parts and better boiler feed water 
treatment have all contributed to increa- 
sed mileage between repairs; 


-(b) Electric locomotives increased by 
smoother finish on motor armatures, 
roller bearings and shortening of pe- 
riods between routine inspections to 
determine what running repairs are 
required to put locomotive in first class 
condition; 


(c) Motor rail cars these cars are in 
limited use on the Pennsylvania. Re- 
placing gasoline engines with Diesel 
engines as a safety measure has also in- 
creased mileage between repairs; 


(dq) M. U. cars : Askerel insulation for 
transformers, roller bearings and smoo- 
ther finish on motor commutators have 
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all contributed to increasing the period 
between repairs. 


(e) Passenger cars Use of aluminium, 
stainless steel, copper bearing steel and 
high tensile low alloy steel sheets and 
shapes, integrally cast steel trucks, 
roller bearings, and geared generator 
drives, have increased mileage between 
repairs. 


eS 


Freight cars : Increased by substituting 
copper bearing and high tensile low 
alloy sheets and shapes for the plain 
carbon steel formerly used, improved 
draft gears, improved couplers and 
yokes, cast steel truck sides, bolster 
spring snubbers, steel running boards, 
and the improved AB air brake valve. 


Sudan Railways. 
Generally, no. 


Indian Government Railways. 
No reliable data. 


New Zealand Government Railways. 
Steam locomotives. 


The use of special steels and of roller- 
bearing axleboxes enabled a greater mileage 
to be run between heavy overhauls under 
world war II conditions and to a greater 
degree, generally regarded as normal, but 
the general condition of the locomotives 
sutters, ©. g. from 33 1/3 to 50%, increase 
over the mileage shown under group I of 
code No. 21 is common. 


Electric locomotives. 

Substitution of roller bearings for plain 
bearings in traction motors has improved 
the general performance so that the mileage 


between overhaus has increased from 60 000 
to 100-120 000 for the Otira locomotives. 


Multiple units. 

Not in the case of improved stock which 
incorporated the latest developments when 
purchased. 

Rail cars. 

Only recently used, not possible to make 

any comparison. 
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Coaching stock. 


Yes. The improvement is indicated to 
some extent by the grouping shown in 
reply to Question No. |. 


Wagons. 

Yes, particularly with respect to bogie 
vehicles, due to bogie improvements in- 
cluding fitting of roller bearings. 


South African Railways and Harbours. 


It is considered that generally mileage 
between repairs has been increased. 


Any modifications considered desirable 
to reduce maintenance are called for in 
specifications issued. Any suggestions to this 
end submitted by tenderers also receive 
consideration. 

Existing locomotives are modified where 
possible to reduce maintenance costs. ‘This 
also applies to other rolling stock. 


QUESTION 3. 


When ordering new rolling stock and locomo- 
lives, 1s consideration given to maintenance 
costs in the specification, and if when 
ordering modern stock are endeavours made 
to reduce these costs? Indicate if the Railway 
administration endeavours to obtain similar 
results by the modification of stock in service. 


REBLIEBS: 
BRITISH RAILWAYS. 
London Midland Region. 


Steam locomotives. 


Yes. These features have usually been 
developed as a result of experiencé, and 
are applied to existing locomotives if saving 
in maintenance costs justifies expenditure. 


Coaching stock. 


Consideration is given to maintenance 
costs when ordering new stock. The cost 
of alteration to existing stock is compared 
with the probable saving in maintenance 
to determine whether it is economically 
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desirable that such amendments be incor- 
porated. 


Eastern and North Eastern Regions. 


Consideration is given to reduction of 
maintenance costs in both new and existing 
stock. | 


Western Region. 
Yes. Endeavours are also made to obtain | 


similar results, where possible, by the 
modification of stock in Service. 


Southern Region. 


: 
: 
| 
Steam and electric locomotives. | 

When designing new locomotives aim 1s | 
for minimum maintenance when in traffic. | 
Improvements made to new and existing | 


stock when convenient. 


Carriages, wagons and electric stock. | 


New rolling stock has incorporated in 
its construction the features which exper-} 
ience with earlier designs has shown to be | 
advantageous in respect to material, saving | 
of weight cost and maintenance. Latest} 
applications when economical made _ to} 
existing stock when parts are renewed. 


London Transport Executive. | 


Yes. During the 4-yearly overhaul the} 
number of parts normally requiring replace- 
ment or repair on the motor bogie of a car 
designed in 1923 amounts to 230, whereasj 
the number on a 1938 tube stock bogie is 
52. Modifications to stock already in service} 
to reduce maintenance costs include fitting} 
of roller bearing axleboxes, conversion tof 
non-metallic brake blocks and the fittin: 
of roller bearings to traction motor arma- 
tures. 


Victorian Railways, Australia. ! 


Yes. Endeavour in specifications for new) 
locomotives or rolling stock to reduce main- 
tenance costs to a minimum, and every) 
practicable improvement is adopted byt 
modification of stock in service with the 


same end in view. 
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Ceylon Railways. 


Yes. Simple construction, standardization 
of component parts, etc., are specified. 


Pennsylvania Railroad Co., U. S. A. 


Consideration is given to maintenance in 
the specification. All applicable details 
which have shown superiority in existing 
‘equipment are specified for new equipment. 
Equipment in service is modified to incor- 
porate improved parts as fast as replacement 
parts are necessary. 


Sudan Railways. 


(a) Consideration is given to maintenance 

_ costs when drawing up specifications for 
new stock. 

{b) Endeavour to reduce maintenance costs, 
and obtain longer shopping mileages, by 
experimental alterations and modifica- 
tion to stock in service. 

This applies to locomotives, carriages and 
wagons. 


Indian Government Railways. 


Standardization of locomotives and rolling 
stock undertaken over 20 years ago fostered 
production economies and consideration 
given primarily to reliability in operation 
and low maintenance costs. 

Features in standard design have proved 
to be more economical in maintenance 
extended to other stock in service when 
possible to justify the change-over finan- 
cially. 


New Zealand Government Railways. 


Steam electric locomotives, multiple units, and 
rau cars. 


Where possible, materials ordered to 
British Standard Specifications. When 
ordering new locomotives, consideration 
given to maintenance costs in the specifi- 
cation, and where a modification has 
proved economically justifiable, also applied 
to existing stock, if an ultimate saving 
would result. 
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Coaching and wagon stock. 


Yes. Where it is advantageous to do so, 
older stock is altered to incorporate impro- 
vements that have been proved. 


South African Railways and Harbours. 


No answer. 


B. SOLID WHEELS. 


QUESTION 4. 
Fave you had experience with solid wheels? 
REPLIES, 


BRITISH RAILWAYS. 
London Midland Region. 
Steam locomotives. 
Yes. Ministry of Supply 2-8-0 « Auster- 
ity » tenders only. 
Coaching stock and wagons. 
Yes. « One-Wear » rolled steel wheels 
used extensively in recent years for wagons. 


Eastern and North Eastern Regions. 


Steam locomotives. 
Yes. With 2-8-0 « Austerity » locomotive 
tenders. 
Electric motor coaches. 
No. 
Carriages. 
No. 


Wagons. 
Standard for last ten years. 


Western Region. 


Locomotives. 
Yes. Ministry of Supply 2-8-0 « Auster- 
ity » tenders only. 


Southern Region. 
Locomotives. 
Yes (Ministry of Supply 2-8-0 « Aus- 
terity » engines). Tenders only. 


all 
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Carriages, wagons and electric stock. 


Yes. « One-Wear » rolled steel wheels 
used extensively in recent years for wagons. 


London Transport Executive. 
INiGS: 


Victorian Railways, Australia. 


Steam locomotives. 


A few locomotive tenders are fitted. 


Electric locomotives. 

None fitted. 
Rail cars. 

Walker Diesel rail cars being supplied 
from England are fitted with solid wheels. 


Electric motor coaches. 
WES. 
Carriages. 
None fitted. 
Wagons. 
Yes. 
Ceylon Railways. 
WBS. 


Pennsylvania Railroad Co., U. S. A. 


Yes, general use of solid wheels for many 
years on all types of equipment. Wheels 
with tyres are used only for steam and 
electric locomotive driving wheels. 


Sudan Railways. 


Yes. Largely from approx. 350 wagons 
(1400 pairs of wheels) (14 % of total 
wagon wheels and axle assemblies on lines) 
which entered service mostly in 1943, 


Indian Government Railways. 


_ Solid rolled steel wheels used as perm- 
issible alternatives to tyred wheels for many 
years. 


New Zealand Government Railways. 


Steam and electric locomotives, multiple units. 
No. 

Rail cars. 
Wiesmann Gais. 

Coaching and wagon stock. 


No. | 


South African Railways and Harbours. 


Solid wheels have been fitted to bissel | 
bogies and tenders of certain engines, and 
such wheels are now standard for all carriage | 
and wagon stock except motor coaches. 


| 
) 
QUESTION 5. | 
If so, what are the results which you have | 
obtained or hope. to obtain by using solid | 
wheels from the point of view of regularity 
of the service? What are the advantages. 
and disadvantages already established? 
REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Wagon stock. 


No improvements anticipated. 


1 


Advantages Disadvantages 
(a) Less machining = 
allowing larger 
production from 
same shop floor 
space. 


(b) ‘Trouble with loose We have had a very] 
tyres on goods bra- small number of] 
kes eliminated. goods brake wheels} 

which have develo- 
ped radial cracks. 

(c) Towards the end — 
of the life of tyres 
on heavy vehicles, 
the thin tyre is in- 
clined to loosen 
due to cold rolling 
in service. 
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{d) Average life of 
the solid tyre is 
assumed to be 
equal to the tyred 
wheel which is on 
average 38 years 
or approximately. 


Inability to retyre 
when worn to mi- 
nimum. 


Eastern and North Eastern Regions. 


Locomotives. 


Insufficient experience to 


Opinion. 


express an 


_ Wagons. 
Reduced costs. 


Western Region. 


No information regarding the influence of 
solid wheels on regularity of the service. 


Southern Region. 
Locomotives. 
No available data. 


Carriages and wagons. 


None; other than saving of dead-weight 
and absence of loose tyres. Consider it 
essential to use cast-iron brake shoes only 
with this type of wheel. 


When non-metallic brake shoes are used 
for passenger express electric train (auto- 
matic Westinghouse brakes) involving high 
brake shoe pressure there is a risk of such 
wheels disintegrating through the develop- 
ment of radial surface tread cracks. 


London Transport Executive. 


Results obtained are satisfactory on non- 
motored axles only. Depending upon the 
design of the wheel a slight reduction in 
the unsprung weight of the wheel and axle 
assembly is obtained over an equivalent 
design of tyred-wheel. The removal of 
worn out solid wheels from their axles 
permits examination of the axle wheel seats 
on the « Magna Flux » testing machine. 
It is necessary to ensure that any holes to 
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facilitate handling or reduce weight are 
adequately radiused, otherwise circumfer- 
ential cracks may develop. 


Victorian Railways, Australia. 


None purchased for many years. The 
results generally have not been favourable 
as a good deal of cracking has taken place 
in the plate adjacent to the boss. The 
majority of wheels still in service have had 
the original tyre turned off and a shrunk 
on tyre fitted. The Walker Diesel rail cars 
have run a total mileage to date of up to 
56 000 miles, not sufficient data yet available 
to assess their relative merits. 


Ceylon Railways. 
None. 


Pennsylvania Railroad Co., U. S. A. 


The results obtained include absence of 
loose or broken types and cracked wheel 
spokes. 


Sudan Railways. 


Solid forged wheels (War Emergency 
Supply). No statistics comparing resistance 
to wear of these solid forged wheels with 
tyred wheels maintained, impression they 
have worn very well indeed. 


Indian Government Railways. 


Solid wheels produced quicker and more 
cheaply. Subsequent maintenance may 
not be higher if they are rolled initially with 
a sufficient depth of rim to take a tyre of 
standard thickness after several turnings. 
Such wheels suffer from one disadvantage, 
namely, if the material is defective it involves 
the scrapping of a larger component. 
Experience too limited to offer a more 
comprehensive reply. 


New Zealand Government Railways. 


Rail cars. 
Dependability. Freedom from risk of 
failure on high speed work and of loosening 
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Fig. 6. — Suggested method of re-tyring 


of tyre when the speed is high, and there 
is a heavy braking load. ‘The results are 
entirely satisfactory. 


South African Railways and Harbours. 


The advantages of the particular wheel 
used lay principally in the fact that it was 
interchangeable with carriage and wagon 
wheels. 


« one wear » wheels for 13 ton wagons. 


Some trouble with shelling of the tread 
was experienced when such wheels were 
used, under constant heavy~ loads, in 
conjunction with roller. bearings. 


In the case of bissel bogies difficulty was. 


also experienced after the solid wheels had 


been re-tyred, due to the standard carriage | 


and wagon tyre used providing for less. 
wear than the engine coupled-wheel tyres, 
thereby precluding all tyres being turned 


— 


| 
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equally and necessitating awkward spring 
gear adjustments. 

For the above reasons wheels initially 
fitted with tyres are now preferred for 
engines and tenders, although solid wheels 
are preferred for other rolling stock. 


QUESTION 6. 
The same question from the cost point of 
view. 
REPLIES: 


BRITISH RAILWAYS. 
London Midland Region. 
Coaching stock. 


Solid wheels have been used mainly on 
wagon stock. 

Experience with the solid wheels is too 
short to give definite information. It is 
considered that solid wheels should be of 
such dimensions as would make it possible 
to fit a tyre after the first life has been 
obtained : see proposal Fig. 6. 


Eastern and North Eastern Regions. 


Wagons. 
Reduced costs. 


Western Region. 


Lower cost of solid wheels. 


Southern Region. 
Locomotives. 


No available data. 


Carriages and wagons. 


-Lower first cost. Where earlier wheels 
of this type have been used for carriages 
they have been turned down to receive 
«shrunk-on » tyres. The practicability 
of applying tyres to worn « one-wear » 
wagon wheels has been investigated and 
proposals are shown on Fig. 6. 


London Transport Executive. 


Many factors affect the question, but 
providing the wheels are rolled from steel 


% 
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of a specification that will give statisfactory 
wear, there is little to choose between the 
cost over a period of 30 years between tyred 
and solid wheels for non-motored axles. 


Victorian Railways, Australia. 


1938 investigation re car and wagon 
wheels show following relative costs : 

New wheels delivered at Newport Work- 
shops : 

Solid wheel £ 15.13.6. 

Spoke wheel £ 15.6.8. 


Upon reaching tyre condemning limit 
cost of replacement : 


Solid wheel £ 16.3.6. 
Spoke wheel £ 8.7.0. 


Alternatively converting solid wheel to 
wheel centre and installing a new tyre 


1S VOAIES) 


Considered more economical to use 
wheel centres with a shrunk on tyre, and 
now the standard practice adopted. 


Ceylon Railways. 
Initial cost of solid wheels less than tyred 
wheels. 
Pennsylvania Railroad Co., U. S. A. 


Cost of tightening tyres by shimming, 
welding spokes, and maintaining stock of 
tyres, retainer rivets, shims, etc., is elimin- 
ated. 


Sudan Railways. 


Insufficient experience. 


Indian Government Railways. 


See answer to question 5. 


New Zealand Government Railways. 
Railcars. 

After the wheels are worn down to con- 
demning diameter they are used as wheel 
centres for car and wagon stock. Hence 
the cost aspect is also satisfactory. 
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South African Railways and Harbours. 


Comparative initial costs of rolled and 
cast wheels are not available but rolled 
wheels, if of a type produced in large 
quantities, are obviously cheaper than cast 
wheels. A longer initial life is obtained on 
carriage and wagon stock from wheels 
having solid treads. 


QUESTION 7. 


Do you use solid wheels on vehicles running 
at high speeds? 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 


Coaching and wagon stock. 


Yes, for vacuum fitted freight stock and 
to a limited extent for some coaching stock. 
Experience dates from 1926. 


Eastern and North Eastern Regions. 


Wagons. 
5S 


Used on express freight trains. 


Western Region. 


On vehicles in goods trains only. 


Southern Region. 
Locomotives. 


No. 


Carriages and wagons. 


Used only for vacuum brake fitted wa- 
gons working at high speeds with cast-iron 
brake shoes — braking efficiency 100 94 = 
tare weight : and also for 25 - ton goods 
brake vans (fitted with handbrakes) to 
avoid loose tyres when operating severely 


graded routes. 


London Transport Executive. 


Solid wheels are fitted to vehicles having 
a maximum specified speed of 60 m. p. h. 


Victorian Railways, Australia. 


No. Speed for Walker Diesel rail cars — 
45 miles per hour. 

Speed for electric motor coaches — St 
miles per hour. : 


Ceylon Railways. 


Yes. Maximum speed on C. G. R 
(45 miles per hour) cannot be considere: 
a high speed. 

| 
Pennsylvania Railroad Co., U. S. A 


ce 

Solid wheels are used on locoma 
and cars operating at the highest authorize; 
speeds on the railroad. 


Sudan Railways. 


No distinction made between tyred ar 
solid wheeled - stock. Sudan Railwa 
speeds are comparatively low. 


Indian Government Railways. 


Maximum speeds in India are 60/4 
m. p. h. and solid wheels are used 
vehicles up to these maxima i. e. no specil 
restrictions. | 


New Zealand Gevernment Railwa 


Rail cars. 
Wies- 


South African Railways and Harboun 


Solid wheels are used on vehicles runnidl 
at high speeds-South African Railway 
speed limit 55 m.p.h. at present. 


QUESTION 8. | 


Do you use them on braked vehicles (. Me 
on running surface, on brake drum, or on 
wheel centres)? What material is used 
brake shoes? What advantages and disadv 
tages have been established? 


a 
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REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 


Coaching and wagon stock. 


Yes. Braked on the running surface of 
tyre with cast-iron brake shoes. Loose 
tyres on goods brakes eliminated. 


Eastern and North Eastern Regions. 
Wagons. 
Yes, with surface Cast-iron 


. braking. 
brake shoes. 


Western Region. 


Solid wheels are used on many vacuum 
fitted freight vehicles with cast-iron brake 
shoes operating on the rims of the wheels. 
Solid wheels are not used on goods brake 
vans, 


Southern Region. 

Locomotives, carriages and wagons. 
Yes. Brake on tread of tyre. 
answers to Questions 5 and 7.) 


(See also 


London Transport Executive. 


Yes; and braked by means of non-metallic 
brake blocks applied to the tread of the 
wheel. No disadvantage, the results being 
generally uniform for solid wheels of equi- 
valent specification and service. Experience 
with solid wheels on motored axles shows 
hat the rate of wear is too rapid to make 
hem an economical proposition for this 
luty on our service. 


Victorian Railways, Australia. 
Yes, with ordinary brake blocks making 
Ontact with the surface of the tyre tread. 
The material is known as B. B. 1. — 
4, Brake block iron with composition 
djusted to produce Brinell Hardness Range 


20-250, 

Ceylon Railways. 
Yes. Braked on running surface; cast 
on. Brake blocks. 


DT, 


_ 
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Pennsylvania Railroad Con UaiSa As 


Solid wheels are used with conventional 
brakes, having the shoes contact wheel 
treads during braking action. Cast iron 
shoes with sheet steel back are used. Advan- 
tages are simplicity and low cost. 


Sudan Railways. 


Used on braked vehicles. Cast iron brake 
shoes standard, braking on running surface. 
Found no advantage or disadvantage with 
cast-iron shoes on tyred as compared with 
cast iron shoes on solid wheels. 


Indian Government Railways. 


Solid wheels used on braked vehicles 
with braking on tyre tread. Cast iron 
brake shoes standard. No special advantages 
or disadvantages known. 


New Zealand Government Railways. 
Rail cars. 
Yes. Braking on running surface. Shoes 


are cast iron. Where braking is on a drum, 
an asbestos moulded shoe is used. 


South African Railways and Harbours. 


Solid wheels are used on braked vehicles 
— e. g. tenders and carriages and wagons, 
the brake shoes operating on the running 
surface. The material used for brake shoes 
is cast iron. Except for limited numbers 
of ferodo brake blocks used experimentally 
pre-war on carriage stock no other material 
has been used. Cheapness of cast iron is the 
major feature. 


QUESTION 9. 


What metal ts used for solid wheels (chemical 
analysis and physical characteristics )? 


REPEVES. 
BRITISH RAILWAYS. 
London Midland Region. 


Locomotives. 
Rolled steel wheels used for Ministry of 
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Supply 2-8-0 « Austerity » type. Engine 
tenders only, and satisfactory. 

Cast-iron solid wheels used for the 
tenders of 50 American 2-8-0’s. Wheels 


found unsatisfactory. 


Coaching and wagon stock. 


Solid wheels are purchased to L. M. S. 
Specification No. 36A; particulars below : 


40 
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_ (sh = oO 
Divi le, fe 
a =o 
i a 

«B» Acid | 0.060 | 0.060 42 18 

or to to 
Basic 48 15 

«KC» Acid | 0.050 | 0.050 50 13 

tO) Soa ncon uh 


During the last war basic steel was 
accepted for both classes of wheels and this 
relaxation has not been rescinded. 


Eastern and North Eastern Regions. 


British standard specification No. 468B, 
dated 1932. 
Steel Class «B» or «C». 


Western Region. 
Locomotives. 


Used solid rolled steel wheels for tenders 
only of 2-8-0 « Austerity » type. Also cast- 
iron wheels were used for tenders of Ameri- 
can 2-8-0 engines; these gave trouble and 
were replaced by solid cast steel wheels. 


Wagons. 
Purchased in accordance with British 
standards specification 468B (Class C). 
Typical analysis 
Carbon » 02g. tlyeree cekeeeae Oa s 
SiliGOn: jactoivoeey mca eee ere: Ais 
Mianeanese: smi. steer 160% 
Sulphiuteg cs esctiic sis Chat ees O31, 
Phosphorusi.47 aan eee eee 023%, 
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Southern Region. 
Locomotives. 


Rolled steel wheels used for Ministry 
of Supply 2-8-0 « Austerity » engine ten- 


ders only : satisfactory. 
Wagons. 
Steel conforms to British standards 


specification No. 468A dated 1932. Wagons 


only. Class C. | 


a 


Segre 
Analysis 20.5 By | 
Acid : s.. | 52am 
Basic Ss | : ao mone 
Max. | Max. 5 a Pa 
| i 
Acid | 
preferred {0.05 °% 0.05 °%| 50 to 55 | 13 to 11 | 


London Transport Executive. 


The physical properties required of the 
rims of solid wheels are : 

U. T. S. — 56 — 62 T/D". 

Elongation — 13-11 %. 

Impact — Over 40 ft. lbs. izod. 

Solid wheels are of ordinary carbon steel, 
the analysis of which should fall within} 
the following limits : 


Carbon =:..0 <= 6.5, | 
Manganese : .65 — .85 %. 

Sulphur : not to exceed .04 %. 
Phosphorus.* not, to exceeds 0257). 


Victorian Railways, Australia. 


Highest quality steel made by the ope 
hearth process. The wheel is made in one} 
piece from a section of an ingot of high 
tensile steel forged by a powerful hydraulia 
press and then rolled. 


The tensile strength 56 to 62 tons pe 
sq. in., elongation 10 to 8 per cent, in A 
gauge length of 2 ins. | 


Ceylon Railways. 


Conform to British standard specifica 
tions. 


— 
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Pennsylvania Railroad Co., U. S. A. 


The steel analysis for solid wheels is 
shown by the following tabulation : 


Carbon : wheels not heat treated 0.65 
COO. Te ne 

Carbon : heat treated Class A, not over 
O63: °/,. 

Carbon : heat treated Class B, 0.57 to 
O67 7. 

Carbon heat treated Class C, 0.67 
LOOM a ke 


Manganese : 0.60 to 0.85 %. 
Phosphorus : not over 0.05 %. 
Sulphur : not over 0.05 %. 

Silicon : not less than 0.15 %. 


The heat treatment consists of heating 
the entire wheel to the proper temperature 
required to refine the grain and then 
quenching. Immediately following the 
quenching, wheels are reheated for tempering 
to the required hardness. The required 
hardness for the different classes is : 


Brinnel hardness number. 


Class Minimum Maximum 
A DAS 321 
B DAT 34] 
Cc 321 363 
Sudan Railways. 
Not known. 


Indian Government Railways. 
Carriages and wagons. 


(Indian Railway standard specification. ) 


Minimum 
elongation % 


| Analysis 
Adcie or 


Basic P 


) : 
Max. 


Max. 


Tens. strength 
per sq. in 


Approved 
process. |0.05 %10.05 %! 50 to 55 | 13 to 11 


Ss SE EE RL BEES RA OE I TE ELE EOE 
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New Zealand Government Railways. 


Rail cars. 


Taylor Bros. «Empire 70» steel or 
steel Peech and Tozers C. P. 70 ton. quality. 


South African Railways and Harbours. 


Steel : Maximum sulphur 0.04 Wig 
Maximum phosphorus; 0.04 %, 

Tensile strength 63 to 69 tons per sq. in. 
Minimum elongation 10 % to 8 %. 


QUESTION 10. 


Do you use special methods of manufacture 
in order to obtain the appropriate character- 
istics of the metal in the different parts of the 
wheel ? 


REPLIES 
BRITISH RAILWAYS. 


London Midland Region. 


No. Do not manufacture. 
Eastern and North Eastern Regions. 


Wagons. 


No. Solid wheels used as supplied by 
contractors. 


Western Region. 


Solid wheels are ordered to British stand- 
dard specification 468B (Class C), heat 
treatment or method of manufacture to 
obtain the specified mechanical properties 
is not stipulated. 


Southern Region. 


Locomotives, carriages and wagons. 
No. 


rers. 


Used as received from manufactu- 


London Transport Executive. 


Solid wheels are normalised at 800 — 
850°C. and the rims are hardened by cooling 
at an accelerated rate through the critical 
range. ‘The rim is then allowed to recover 
at a temperature between 550° and 650°C, 
according to the carbon content. 
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Victorian Railways, Australia. 
No. 
Ceylon Ralways. 
No replies. 


Pennsylvania Railroad Co., U. S. A. 


The rim of the wheel is heat treated by 
the above method; the plate and hub are 
not heat treated. 


Sudan Railways. 


Do not manufacture. 


Indian Government Railways. 


Use no special process. 


New Zealand Government Railways. 
Rail cars. 
Wheels are purchased. 


South African Railways and Harbours. 


Wheels not manufactured by South 
African Railways. 


QUESTION IT. 

Can the solid wheels which you use be re- 
profiled, by the depositing of metal, by 
turning, etc., and what are the thickness 
limits in each case? 


REPLIES 
BRITISH RAILWAYS. 
London Midland Region. 


A number of machines are used for 
depositing of metal at the roots of flanges 
thus saving half the amount of metal it 
would otherwise be necessary to turn for 
the profile to bring it back to standard. 


Eastern and North Eastern Regions. 


Wheels can be profiled by turning. 
Depositing of metal not generally adopted. 


BULLETIN OF THE INT, RAILWAY CONGRESS ASSOCIATION 


Aprit 1950) 


Western Region. 


Re-profiled by turning minimum tread 
thickness 15/16”. 


Southern Region. 


Locomotives, carriages and wagons. 

Yes, by turning. Excessive turning is 
restricted by use of witness mark when 
reprofiling, 

Minimum thickness 15/16” for wagons 
accords with British Railways’ Railway 
Clearing House requirements. 


London Transport Executive. 


Solid wheels are re-profiled only by 
turning. A wheel 31” dia. and 3” rim 
thickness when new, is scrapped when the 
rim thickness falls below 1.1/2”. 


Victorian Railways, Australia. 


Yes; by re-turning the tyre contour. 

The instructions regarding the treads 
and flanges of tyres apply similarly to the 
solid wheels. 


Ceylon Railways. 
Only by turning down and shrinking on 
new tyres. Condemning thickness 7/8”. 


Pennsylvania Railroad Co., U. 8. A. 


Re-profiled by turning. Do not restore 
wheel treads to proper contour by depo- 
siting metal on the tread surface. The 
thickness condemning the limit of the wheel 
rim, measured at the centre of the tread, 
is 3/4" in freight service and |” in passenger 
service. 


Sudan Railways. 


Yes — by turning. 


Indian Government Railways. 


Re-profiling done by turning to next 
smaller diameter. Have never experimented. 
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with the depositing of metal on worn tyres. 
The amount of metal removed by turning 
depends upon the wear on the tread and the 
flanges. 


New Zealand Government Railways. 


Rail cars. 


No weiding permitted. The wheels 
turned and reprofiled until the condemning 
diameter is reached. 


South African Railways and Harbours. 


Depositing of metal by welding is not 
permitted. Wheels can be re-profiled by 
turning required amount off tread. 


Final turning size for solid wheel is 
determined by internal diameter of tyre 
which will eventually be fitted. 

QUESTION 12: 


In the case of wheels having flats do you 
repair on site by building up by welding and 
making good the tyre surface by grinding or 
turning ? 


REPLIES. 
BRITISH RAILWAYS. 


London Midland Region. 
No. 


Eastern and North Eastern Regions. 
Wagons. 


Turned when necessary. 


Western Region. 
No. 


Southern Region. 


Locomotives and carriages. 


No. 


London Transport Executive. 


No welding of solid wheels is permitted. 


BULLETIN OF THe INT. Ratuway Concress ASSOCIATION 


703/21 


Victorian Railways, Australia. 


No. The welding of tyres is absolutely 
forbidden under any circumstances. 


Ceylon Railways. 
No. 


Pennsylvania Railroad Co., U. S. A. 


Wheels with flat spots are restored to 
proper tread contour by grinding or turning 
No welding on wheel treads permitted. 


Sudan Railways. 


By turning. 


Indian Government Railways. 


Welding is not permitted. 
New Zealand Government Railways. 
Rail cars. 


When flats are formed generally it is 


‘only necessary to grind off the « pick-up » 


to make the tread serviceable again. Weld- 
ing 1s not permitted. 


South African Railways and Harbours. 


No. Welding on wheel treads is not 
permitted. Wheels with excessive flats are 
removed from vehicles. and turned down 
to smaller diameters. 


QUESTION 13. 


After several re-turnings are you able to 
retyre wheels which originally were solid 
weels? 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Coaching stock. 


No. 


Wagon stock. 


No, except for early type of « Schoen » 
Wheels used on goods brakes. 
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Eastern and North Eastern Regions. 


Wagons. 


Yes, but method used .has not been 
perpetuated on account of cost. 


Western Region. 


No, but matter under consideration. 


Southern Region. 


Locomotives. 


Yes : fitted with lipped tyres (See reply 
to Question 16). 


Carriages and wagons. 
See answer to Question 6. 


London Transport Executive. 


It is possible to re-tyre some designs of 
solid wheels and this has been done in 
certain cases in the past though not as a 
general practice. 


Victorian Railways, Australia. 


Yes, when in good condition. 


Ceylon Railways. 


Yes. 


Pennsylvania Railroad Co., U. S. A. 


Solid wheels, when worn to limit, are 
scrapped. Do not reclaim solid wheels by 


applying tyres. 
Sudan Railways. 


No. The rim thickness is insufficient. 


Indian Government Railways. 


Re-tyre the wheels after several return- 
ings. Provision for this made in the initial 
rolled wheel centre, otherwise the tyre may 
have to be of lower than standard thickness. 
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New Zealand Government Railways. 


Rail cars. 


The condemned wheels are removed from 
railcar service, and turned down for use 
as wheel-centres for cars and wagons. 


South African Railways and Harbours. 


Yes. Tyres are fitted after solid wheels. 
reach minimum diameter. 


QUESTION 14. 


List the defects such as shelling, scaling, 
radial cracks or others? Are these defects 
more or less frequent with solid than with 
tyred wheels? 

REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Locomotives. 
No. 
Coaching and wagon stock. 


Cases of shelling and scaling occur 
occasionally in each type. A very few cases 
of radial cracking have occurred on goods 
brake wheels. 


Eastern and North Eastern Regions. 
Wagons. 
No. 
Western Region. 


No reliable data available. 


Southern Region. 
Locomotives. 


No data. 


Carriages and electric stock. 


Respecting solid wheels see answer to 
Question 5. 


Solid wheels of electric stock have shown 
all the defects listed when working with 
non-metallic brake shoes. This stock is 
heavily braked, service conditions are 
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hard and brake applications are frequent. 
Wheels are withdrawn from service. Prac- 
tically no trouble with wheels when cast- 
iron brake shoes are used. 


London Transport Executive. 


Shelling and thermal cracking of tread 
surfaces occur in both solid and_tyred 
Wheels. It is thought that the severity 
would be about the same for both types, 
given similar loading and-service conditions. 
Our experience is that the condition deve- 
lops to a serious degree only under the more 
arduous conditions obtaining on the motored 
wheels. 


Victorian Railways, Australia. 
(a) See reply to Question 5. 
(b) No evidence. 


Ceylon Railways. 
No replies. 
Pennsylvania Railroad Co., U. S. A. 


Tread defects are encountered in about 
the same proportion on wheels with tyres 
as they are on solid wheels. 


Sudan Railways. 


No defects such as listed, with either 
kind of wheel. 


Indian Government Railways. 


Experience with solid rolled steel wheels 
limited. Defects unknown. 


New Zealand Government Railways. 
Rail cars. 


None experienced. 


South African Railways and Harbours. 


Shelling and scaling of tread has been 
observed when solid wheels are used, under 
continuous heavy loads, in conjunction 
with roller bearings. 

These defects have not been observed to 
Same extent on carriage and wagon stock 
on tyred wheels. 
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Cc. TYRED WHEELS. 


QUESTION 15. 


What quality is the metal of tyres (chemical 
analysis and physical characteristics, method 
of manufacture and especially type of heat 
treatment )? 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 


Locomotives, carriages and wagons. 

We do not manufacture tyres, they are 
purchased to L. M. S. specification 8D, 
particulars below : 


: Analysis . 

Acid 

Class or l 
basic ss) 

Max. | Max. 


Minimum 
elongation % 


«B» Acid | 0.050 | 0.050 


or basic 


«Cy Acid | 0.050 | 0.050 


«CB» | Acid | 0.040 | 0.040 


«DC» 


Acid | 0.040 | 0.040 


A falling weight test is also specified. 
Basic steel is accepted in place of acid as 
in Question 9. 


Eastern and North Eastern Regions. 


Steam locomotives. 

British standard specification No. 4. 
Reports24. -Parts2. 1947 .. lyress oO" 
internal diameter and above. 

Class «CC ». Tyres under 5’—6" internal 
diameter. 

Class «D». Tyres 6’—0O” and over 
external diameter and certain other types 
below this size, oil hardened and tempered. 


Carriages, including electric motor coaches. 
British standard specification No. 5. 


706/24 
Report 24. Part 2. Dated 1942) Tyres 
Class « D ». 
Wagons. 

See answer to Question 9. 

Western Region. 

Specifications. 

B.S. Report No, 24. 1942. 

Spec. No. 4 — Locomotive tyres. — 
Glass « C». 

Spec. No. 5 — Carriage tyres — Class 
«CC». 


Spec. No. 5 — Wagon tyres — Class «B». 


Open hearth acid of basic steel at manu- 
facturers’ option. 


Typical chemical analysis. 


G Si | Mn S Pp 
Locos 

- and 

) Garis, |) SD, || 2%, |) 357% || ON, |) A972 

| Wagons | 0.47%) .25% | .75% | .04°% | .04% 


Heat-treatment. 


No heat-treatment is specified but manufac- 
turers are allowed to oil quench and temper 
or normalise at their option. About 50 %, 
of our tyres are supplied «as rolled ». 


Southern Region. 


Locomotives. 


Majority of tyres ordered to British 
standard report 24. Specification 4. Dated 
1942. Class «D ». 


Some tyres for express engines are made 


to Messrs, Firth, Brown’s Q. 309 Steel. 
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B.S. S. 24/4 
Steel ee) Q. 309 
Tensile . 56-62 tons 63-69 tons 
per sq. in. per sq. in. 
Elongation . 11-9% on 2” | 10-8% on 2” 
Carbon. O5y/4 Ave 
Silicon . SIA PN iho 
Manganese . SIOZ pA, 
Nickel . Aa PA 
Chromium . . ASA 16% 
Molybdenum . —_ 477A 
Sulphur Not more 029% 
than .04% | 
Phosphorus . Not more ODT ) 
than .04°% | 
Method of ma- | 
nufacture . Acid open Acid open | 
hearth hearth | 
or electric 
process | 


Oil hardened | Oil hardened 
and tempered | and tempered | 


Heat treatment 


Carriages wagons and electric stock. | 


Tyres purchased from manufacturers com- 
ply with British standard Institute Report 24 
Part 2. Specifications 5 and 5a. Dated | 
1942. See also London Midland and West- | 
ern Regions’ replies. | 

Steel Class «B» 
acid or basic — wagons. 

Steel Class « C » (with analysis) acid — 
carriages, electric stock, trailer bogies, | 
and goods brake vans. 

Steel — Class « E » (with analysis) acid 
— electric stock motor bogies. 


(without analysis) | 


Physical properties (extracted from above 
specification). 


Ultimate tensile stress. 


ES SETS AER BLT TET IS TSE A FESS I SPY RISEN TEE OES 


Tons (lb) Minimum ]) 
: elongation }- 
per cent 


per sq. in. Kg per mm? 


63 (141.120) 
to 69 (154.560) 


9922, 10 
108.67 8 
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Typical chemical analysis Class « E», 


Sar OnMened As oe tine, mots 
BRAGS ATICSE! Fee chs on ean 4%, 5°, 
SON ce epee a Ae a. Gh p22 
CULE ged a aye ee ea 04797, 
EOS DOR TISM ho Sees Mek ee. 048% 
ie War dened (pr otic), escty. 850° C 
Blemmperedio nfs. 3. |. Lowe we 590° C 


Heat-treatment. 

The tyres may be supplied with or without 
heat-treatment at the option of the manu- 
facturer. 


London Transport Executive. 


The quality of the metal used for tyres is : 
U. T. S. 56 — 62 T/D" elongation 13 — 
rl %. 
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Impact — Over 40 ft. lbs. izod. 
The chemical analysis is : — 
Carbon — .40%. 

Silica — .25%. 


Manganese — 1.45%, 

Molybdenum — ,48°%/. 

Chronium — .65°%. 

Nickel — not to exceed Oras 
Sulphur — not to exceed 0.46%. 
Phosphorus — not to exceed 0.46%. 


Heat treatment consists of oil hardening 
from approx. 850° C and tempering to 
approx. 660° C., 

Tyres are rolled to approximately the 
required profile, bored to size and finally 
turned after mounting on the wheel centre. 


Victorian Railways, Australia. 


Steam locomotives, 


(a) For 6’—0” diameter locomotive coupled wheel tyres. 


Tensile 


Percentage of 


Minimum 


Class Process of breaking een 
of steel manufacture ; strength 8 
Sy IP. ; per cent 
t per sq. in. 
DP | Pee eee a 

«C » Acid open hearth 05 .05 over 49 with 14 

Basic open hearth .04 up to 56 to with 11 

Electric .04 over 


«D » Acid open hearth 


Basic open hearth 
Electric 


Electric locomotives, rail cars, electric motor 


coaches, cars and wagons. 
Steel Class « D » as for steam locomotives. 


Method of manufacture : tyres are rolled 
from the highest quality of steel made from 
the best selected material by the acid or 
basic open hearth or electric processes, as 
may be specified. They shall be free from 
injurious defects and finished in a work- 
manlike manner. The tyres may be supplied 
with or without heat treatment at the option 
of the manufacturer. 


with 10 
to with 8 


over 56 
up to 63 


Ceylon Railways. 


Conform to British standard specifications. 


Pennsylvania Railroad Co., U. S. A. 


Tyred wheels on the Pennsylvania used 
for steam and electric locomotive driving 
wheels only. The analysis of the open 
hearth or electric furnace steel used is : 


Carbon — Passenger locomotives 0.50 
TORO) O9 09/5. 
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Carbon — Freight locomotives 0.60 to All locomotive tyres. Coupled and carrying. 
0.75%. @arbon 225 Aaa aes 0.72 — 0.76 
Carbon’ = “Switching Wocomotves U0_/0F Silicon. es yea 0.213 — 0.323 
£00,099 Yo. Manganese 42 7. pager 0.70 — 0.76 
Manganese 0.50 to 0.75 %. Sulphur Sc.22-3eneoee 0.037 — 0.044. 
Phosphorus not over 0.05 %. Phosphorus -se-nae 1 o-ar 0.038 — 0.046 
Sulphur not over 0.05 %. Molybdenum aa. 0.17. — 0.20 
Silicons0: LSeterO Sou. Maxamum stress: =: 2.05. 70.5 —77 tons 
pO ccLERT ERG Pe on 
Passeng. Freight Shifting Tons per sq. in. elonga- 
iene sensi tion per cent. on 2”.. 14 — 16 % tons 
hee 105.000 115000 125000 Reduction of’ area per < 
: : centone2 Use ene 29 — 34% tons 
Bones Be 12 10 8 Heat treatment is provided by manu- 
ata eae facture. 
Reduction — of 
area per cent. 16 14 12 


Indian Government Railways. 
No heat treatment given to tyres. The 
tyres, immediately after being rolled, are 
slowly cooled in such a manner as to prevent (Extracts from Indian Railway Specifi- 
injury by too rapidly cooling below the cation No. R. 15/49). 


critical range. 
Quality of Steel. 


Acid Open Hearth or any such modifica- 
tion of the Acid Open Hearth Process as 
All carriages and wagon tyres. approved. 


Steel Tyres for locomotives and other ‘rolling stock. 


Sudan Railways. 


Standard for Sudan Railways is British 
standard specification 24 — Part 2. Class 
«D>». 


Chemical Analysis. 
Not more than 0.05 % Sulphur, and 
0.04 °4 Phosphorus. 


Physical Properties : 


CLASS Tensile breaking strength | Minimum Elonga- Ek are 
tons (Ibs.) per sq. in. ODE SC emt. Tensile Strength. 
50 (112 000) 13 
Carriage and wagon tyres. . . . to 50 
56 (125 440) 11 
56 (125 440) 11 
Locomotiv and tender tyres. . . to 50 
62 (138 880) © 
63 (141 120) 


Electric locomotive tyres 


Se to 10 50 
69 (154 560) 


Tyres of motor vehicles of electric 
SLOG. ie ee. a rn 70 (156 800) 


to 10 50 
77 (172 480) 
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Heat Treatment. 
A the option of the manufacturer. 


Forged or Rolled Steel Wheel Centres. 
Carriages and Wagons. 

(Extracts from Indian Railway Specifi- 
cation No. R. 19/39). 
Quality of Steel. 

Acid or Basic Open Hearth Process. 


Chemical Analysis. 
Not more than 0.06 °%% Sulphur or Phos- 

phorus. 

Physical Properties. 

Tensile strength 

tons per square inch 


33/40 


Minimum elongation 
per cent 


29/15 


New Zealand Government Railways. 


Locomotives and other rolling stock. 

Not inferior to B. S. S. Report No. 24. 
Part 2. Spec. 4/1942 class D. For the more 
important locomotives : 

Steel Peech and Tozers « C. P.» quality 
steel. 

Taylor Bros. « Empire 70 » steel. 

Baker and Bessemers « India » steel. 


South African Railways and Harbours. 


Steel. British Standard report No. 24, 
“art 2, specification No. 4/1928 class E 
63 to 69 tons per square inch.) 


: QUESTION I6. 


What are the measures that you have adopted 
to reduce to a minimum the risk of loose 
bres? (State of surface after machining, 
diameters of the wheel centres and tyres in 
contact before mounting, system of heating 


tyres, etc.). Do you weld at the rim to 
prevent loose tyres? 
REPEIES. 


BRITISH RAILWAYS. 
London Midland Region. 
Icomotives. 


Tyres and wheel centres are finished 
ith a smooth surface which is produced by 
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carbide tools with a fine feed and light 
cut. When re-tyring the wheel centre the 
rim is turned up if any corrosion evident, 
or if it exceeds .025” out of round. 
Diameters of wheel 
before mounting : 


centres and tyres 


Diameter in inches of wheel centres — iy” 


1200 


Tolerance = 


Nominal tyre shrinkage = 


Nominal tyre shrinkage. 
O05 ins. 

Tyres are heated in a gas ring formed of 
movable segments, until the wheel centre 
can be lowered into the bore of the tyre 
without interference. Allowed to cool off 
after assembly. 

Do not weld at rim. 

Corrosion of tyre bore and wheel rim 
is a factor which encourages loosening 
of tyres, and as a step to prevent this, a 
trial has been made with a heat resisting 
graphite base paint which is applied to the 
bore before shrinking-on the wheel centre. 
This trial has not yet proceeded far enough 
to decide what effect it has had in prevent- 
ing loose tyres. 


Coaching stock. 
Carriage and wagon tyres are shrunk on 
and secured by « Gibson » retaining rings. 


Particulars of tolerances and machining 
are given finish below : 


Wheel rim : 
Turned with high 
speed steel flat tool, Tolerance 
watercut finishes... + .000 
Nom. — _ .000 
Uae § 
Bored with high speed Tolerance 
steel round nose tool. + .000 
Nom. — .005” 
Shrinkage allowance .048” on 3’—2” 


diameter (wheel centre). 

The tyre is heated by a circular pipe 
pierced at intervals to form burners for a 
gas and air mixture or by Selas equipment. 


Do not weld at the rim. 


710/28 


Eastern and North Eastern Regions. 


Steam locomotives. 


A fine finish is given to the bore of the 
tyres and the rims of the wheel centres 
by means of Tungsten carbide tools at 
cutting speeds of 500'/600’ per minute; 
and a feed of 1/64” to 1/96". 


When the tyre is bored a small strip 1/2” 
wide is turned cylindrically on the tread 
of the tyre. 


The circumference of the tyre at the strip 
is then measured with a steel tape, after 
the tyre has been shrunk on it is again 
measured to check the amount of expansion 
and should this not fall between predeter- 
mined limits it must be taken off. 


Typical limits are as follows : 


[p) oO 
1 S hea Ae} 
o O @ a7 
o vo =} 
iS Ta ot 5 Allowance for 
= z= 0 S S) 
pa (o} . . . 
te we = 8 5 expansion in 
je) iS) so e) 
os a? © g circumference 
a is os su 
De demas 
: Maximum 
6'—8"'| 6’— 2” DSN Bp (C 


= 0.314” 


800 


Minimum 
1 


—— = 0.187" 
1340 


The tyre is also secured to the wheel 
by rivets opposite each alternate spoke. 


In addition, attention has recently been 
given to the design of locomotive wheel 
rim sections to ensure a greater rigidity 
between the spokes. 


Carriages. 
The bore of tyres and rims of wheel 


centres are smoothly machined. Shrinkage 


allowance of internal tyres diameter. 


Bes 
800 
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The tyres before shrinking on are heated 
to the required temperature by gas bur- 
ners arranged continuously around the 
outer periphery of the tyre. 

There is no welding of tyres on to the 
wheel rim. 


Wagons. 


Tyres bored 1/16” diameter less than. 
diameter of wheel centre. Machined as. 
for carriages. | 


Western Region. ) 


Insertion of key ring (Gibson  type).| 
Surface of parts in contact — fine machine! 
finish. 

Locomotive tyres shrinkage allowance of! 

1.385D — 10 | 
1000 


where D is rim diameter. 


Carriage and wagon tyres 3/64” to 5/64” 
according to type of wheel. Both tyring 
and untyring furnaces are gas fired by 
Bunsen burners fed from a booster pump 
supplying mixed gas and air under sligh 
pressure. No welding at rim. 


Southern Region. 


Locomotives. 


Tyres are finish bored with a fine feeq 
at high speed using Tungsten carbide tools} 
all sharp corners being removed. Shrinkag¢ 
allowance varies from 1/800 to 1/1000 pe} 
inch of wheel center diameter, for tyre 
having retaining rings. For wheels having 
lipped tyres the shrinkage allowance ij 
1/1000 per inch of wheel centre diameter} 


Tyres are heated evenly by Selas Air-Gaj 
Equipment on a horizontal rotating table 
No welding is used to prevent loose tyreg 
Carriages, wagons and electric stock. 


« Gibson » Ring Tyre Fastenings. 
Latterly an alternative has been used t} 
a limited extent wherein the ring is bee} 
dispensed with. 
The wheel centre, in additon to shrin 


age, is held in recessed tyres with lip 
on each side of the wheel centre. 
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Do not weld. Machine finish for inside 
of tyres and rims of wheel centres : 


11.1 revolutions per minute with feed 
0.018". Tyres heated in gas ring furnace. 


Shrinkage 
allowance 
Carriage wheel centres 3 ft. | in. 
Salen teraeeteiran ens -tocdect lite fg) 0.0463” 
Wagon wheel centres 2 ft. 9 ins. 
BUCO CE Ie Pre ron eh ate mete 0.0625" 


London Transport Executive. 


Precautions are taken against loose tyres 
by using rivets or a « Gibson » retaining 
rmg. All the more modern wheels are of the 
latter type. Tyres are bored with Tungsten 
carbide tipped tools and have a smooth 
finish. A shrinkage allowance of between 
0012” and .0014” per inch. of centre diame- 
ter is made according to the type of wheel. 

Centre diameters vary between 24” and 
37". For the purpose of mounting, the tyres 
are heated on an induction heater (the 
tyre acting as a short circuited secondary 
of a transformer) to a temperature of approx. 
240° C. No welding is allowed on tyres 
except as an emergency measure in cases 
of breakdown because of the effect the high 
temperature would have on the heat 
ireated steel. In some cases the additional 
wrecaution was adopted of fitting studs 
adially through the rim of the centre 
nto the tyre to prevent loose tyres. This 
ractice has been discontinued without 
idverse result. 


Victorian Railways, Australia. 


team locomotives. 

Tyres are secured to wheel centres by 
et screws or retaining rings of rectangular 
ection welded after fitting into position 
ith 4 welds at 90° apart 3/16” fillet 3” 
mg on wheel centre. 


lectric locomotives, rails cars, electric motor 
coaches, cars and wagons. 


Tyres are secured by rectangular retain- 
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ing rings of mild steel 7/8” x Ly 2 or 718" x 
7/16". The rings in one piece are pulled 
into place while the tyre is still hot and the 
lip of the tyre is then rolled into position 


under a special hydraulic press. 


All types of rolling stock. 


The bore of each tyre must be a good 
smooth finish. 


Tyres are in general supplied by manu- 
facturer, finish machined all over. After 
assembly on wheel centres contour js 
skimmed over in the lathe, 


Shrinkage allowances are based on the 
diameters of the wheel centres of cast steel 
and mild steel disc plate type as follows : 
1/750 for locomotive, car and wagon wheel 
cast steel spoke wheel centres and for rail 
motor cast steel spoke wheel centres with 
thick rims and tyres. 

1/1200 for rail motor cast steel spoke 
wheel centres with thin rims or with 
narrow rims. 

1/1500 for rail motors cast steel disc wheel 
centres with narrow rims. 

1/1700 for rail motors mild steel disc plate 
Wheel centres. 


The tolerances are based on the diameters 
of the wheel centres as follows : 


003" for 10” to 30” wheel centres. 

004" for over 30" to 45” wheel centres. 
.006” for over 45” to 60” wheel centres. 
007" for over 60” to 70” wheel centres. 


Example. (Steam locomotives). 


SS SY SS ESTAS SER ZY 


Tyre diameter inches Wheel centre | Shrin- 


diameter kage 
Over tread) Internal Ins. inch. 
I 
72-15/16 | 66.688 max. | 66.777 max. | .089 
| 66.681 min. 66.770 min. 
36-1/4 30.938 max. | 30.979 max. | .041 
30.934 min. 30.975 min. 


Tyres are heated uniformly to a tempera- 
ture not exceeding 450° C. The wheel 
centre is placed in the tyre and the tyre 
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is cooled off uniformly. Heating of small 
tyres is done on a coke fire. Oil burning 
jets are used for the large diameter locomo- 
tive tyres. Welding at the rim to prevent 
loosening of the tyre is not permitted. 
The welding of tyres is absolutely forbid- 
den under any circumstances. 


Ceylon Railways. 


Periodical check for slackness in service. 
Rough on rail tread and smooth on flange 
corners, etc. Allowance for shrinkage, of 
tyres approximately 1/800 part of diameter 
of wheel centre for 2’—0" diameter and 
over : 

1/700 for 1‘—6" diameter up to 2'’—O" 
diameter and 1/600 for 1'—O” diameter 
up to 1’—6" diameter. Tyres are electrically 
heated and shrunk on. Rims are not welded. 


Pennsylvania Railroad Co., U. S. A. 


Tyres shrunk on the wheel centres by 
heating the tyre. Wheel centres and tyre 
bores machined to a smooth finish and the 
cold tyre bore is 0.012” to 0.016” smaller 
per foot of wheel diameter than the wheel 
centre. Gas burning (or oil) heaters, 
curved to fit the tyre, are used to heat the 
entire circumference of the tyre. Do not 
weld the wheel rim but provide an extended 
plate riveted to the rim which engages a 
groove in the tyre to prevent lateral shifting 
of the tyre on the wheel in the event of 
its becoming loose. 


Sudan Railways. 
Locomotive, carriage and wagon. 


(a) No specific machine feed is laid down 
but produce a normal good surface 
when turning up. Do not turn up all 
rims on retyring. Skim up when 
0.020" oval or taper for carriage 
and wagon and carrying wheels of 
locomotives and 0.030" for locomotive 
coupled wheel rims. 


(b) Shrinkage fits laid down and worked 


to are : 


Loco : 48" rim = 0.075” carriage and 
wagon 0.001” per 1” of rim. 


Loco : 56 1/2” rim = 0.088” diameter 
Loco 6281/2 erin 00592 


(c) Producer gas fired. 
(d) Do not weld the rims on any account. 


Indian Government Railways. 


For carriage and wagon stock tyre shrunk 
on and secured by glut-ring. For locomotive: 
lip type tyres shrunk on and side riveted 
experience shows these designs minimise 
the risk of loose tyres. 

The wheel centre and tyre bore is fine 
machine finished with an interference oj 
1 thou. per inch diameter. The tyrd 
heated by a gas ring to approx. 455° C) 
before shrinking on to centre. 
New Zealand Government Railways 


Locomotives and other rolling stock. | 


No deep tool marks are to be left on th 
mating surfaces. Shrinkage allowance 1 
.0O1 inch per inch diameter of whe 
centre. Tyres are heated electrically by 
induction. Forced cooling is prohibite 
The temperature must not exceed 400°F a 
indicated by the fusing of specially prepared 
lead alloy pellets. 

Welding on tyres is not permitted. 

Retaining rings have been adopted i} 
place of set screws to reduce risk of fractur 


South African Railways and Harbours 


Mating surfaces machined medium finis}} 
approximately 3/32” feed. 

Shrinking allowance 1/64” per foot 
internal diameter of tyre. 

Tyres usually heated on ring fires. Electri 
tyre heaters have been employed wit} 
varying results. 

No welding permitted on tyres. 

Tyres secured to wheel centre by Gibsot 
ring fastening. 


QUESTION 17. 


What are your specifications regarding t 
minimum thickness of tyres according to t 
load or maximum speed permitted ft 
vehicles (minima both after repair and 
service )? 


Pay, 
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REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Steam locomotives. 


The minimum thickness of tyres perm- 
itted for locomotives on different classes of 
duty are as under : 


SPS ERENCES 


turning | Set@pping 
Class of engine duty thickness ame 
Onttread | es 
——S See ee ee 
Express passenger . oes 123/43 
Ordinary passenger mi- 
xed traffic and goods 
tender engines, with 
wheels over 5’—0Q” 
diameter (with tyres) 1 Byen Nel Wi P2 
Goods tender engines 
up to 5’—0” diame- 
ter (with tyres) . . es yjer 13/8" 
Goods tank engines . EO TGae lesy ee 


TEE! 


Coaching stock. 


Minimum thickness of tread after 
turning. 

Class « A» stock (fast service) special 
vehicles e. g., diners, kitchens, sleepers, 
buffets, post office cars, etc., including 
milk tanks and road railers : 1.1/2". 

Other carriage stock : 1.1/4”. 

Tyres under these thicknesses may be 
used on 4 or 6 wheeled carriage stock other 
than milk tanks or road railers until they 


reach the scrapping thickness of 1”. . 


Wagons. 


Minimum thickness of tyres conforms to 
Railway Clearing House Regulations (Bri- 
tish Railways’) as under : 

8, 10, 12 and 13 ton ordinary and 10 ton 
Wagons with tyres secured in accordance 
with standard drawings. : 15/16". 

All other wagons : 1.1/4". 

Minimum thickness of flange 
9/16” from toe of flange. 

Minimum width of tyre 


eLiGe vat 
BA e's 
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Tyres may be turned to within ] AK eacesis 
minimum thickness of flange provided that 
the standard profile on the tread side of 
flange is maintained and that the diameters 
of wheels on the same axle are identical. 


Eastern and North Eastern Regions. 


Locomotives, steam, diesel, coaches and electric Stock, 


Actual |Thickness 
load at centre 
at rail of tread 
———— ee ee eee 
Grade 1. Wheels 6/-0’’ 
tread dia. and over. | 22 and Peal Sie 
over 
Grade 2. Wheels 6'-0’ 
tread dia. and over 18/22 De 
Grade 3. Class AS.A8. 
KOK a i NiN2s 
V1, V3 and EM 1. — Se 
Coupled wheels 5’-0” 
tread dia. and over 
(not included in gra- 
des 1 and 2) . 17 and 1.3/4” 
over 
Grade 4. Classes B12, 
IDS, (GS), JS, Ua 
OsvandVOGmy ene: — 1.3/4” 
All other coupled and 
driving wheels . . . -—— Lyon 
All carrying wheels. . _ Lae” 
Grade 5. Dock engines 
and sentinel engines . _ hedyirey 


Tenders. 
5000 gallon tender 
wheels (W. 1 and Pa- 
cificlocos). . . De 


All other tender wheels. — dyes 
Coaching stock. 
Wheels with journals 

4.3/4" dia. and over. -- he feae 
Wheels with journals 

under 4 3/4” dia./ 

4.3/8" (31 tons and 

OVCU) Menara eds i — 1.3/8" 
Wheels with journals 

under 4 3/4” dia./ 

4 3/8’ (under 31 t). — 1.1/4" 
Wheels with journals 

under 4 3/8” dia./ 

Bi Sar ae va ee — yee 
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Actual | Thickness 
load at centre 
at rail of tread 


a 


Wheels with journals 

uunelere SHS ae : — 1.1/8” 
4 and 6 wheeled pas- 

senger and non-pas- 

senger stock . : — alii 
Electric stock motor} 

COACHES He eo — Vey 2 
Electric stock trailer 

GOAEMES 5 4 a 5 0 6 = 1.3/8” 


Wagons. 
AS TSS EEN ERE STEELE IS PLE BTN LIE SS ESTE 
Thickness 
at centre 
of tread 


Under 15 tons load ee itil} 
Owee IS Wom loael 2 4 56 5 oo 1.5/16” 
Goods brake vans ; as) 


Note. — No tyre to be retained if it will 
not turn up to the thickness given above. 
Scrapped in service at discretion of exami- 
iners. 


Western Region. 


Engine tyres are allowed to run to a 
minimum thickness of from 1.1/2” to 2” 
according to type of engine. 

At least 1/8” of wear to be left on tyre 
after repair in shops. 

Carriage tyres are allowed to wear to a 
minimum thickness of 1.1/4" on tread 
irrespective of type of vehicle or maximum 
speed. 


At the last turning the tread must be 
1/8” thicker than the minimum dimension. 


Southern Region. 
Locomotives. 


Minimum thickness of tyres is not specified 
in relation to loads or speeds. 


For tyres 6’/—O" diameter and over on 
tread the last turning size is 1.7/6" and 
scrapping size 1.3/4". 


For tyres under 6’—0” diameter on tread 
the last turning size is 1.5/8” and scrapping 
Size lat ae 


Thickness 
Last 
turning | Scrapping 
| 
Carriages en >| Leu ee | the" | 
Electric stock motor 
bogie wheels ... . 1.1/4” 1.1/8” | 
WiacOnseane Nemene ine Ulan Leas 
over | 
13 tons | | 
) etload 
Paige Sy” 
| under | 
13 tons 
load 


London Transport Executive. 


The minimum tyre thickness in service 
varies between 1.1/4 and 1.1/8 ins. accord- 
ing to the type of wheel, the etiaeau | 
thickness after repair is 1/8” greater. 

These sizes have been arrived at from 
service experience. 


Victorian Railways, Australia. 


Condemning tyre thickness limits gener-} 
ally conform with the locomotive cyclopedia 
of American Practice 7th edition, p.1020. 
fig. 7. The dimension however has been} 
influenced by such factors as _ defects} 
occurring in service type of tyre fastening,| 
depth of retaining ring groove, etc. 


Ceylon Railways. 


Carriages and wagon 1.5/16” ex shops 
and condemning thickness 1.1/4”. Con 
demning thicknesses are fixed at these limit 
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on account of set screw fastened tyres. 
Lower figures worked to during war period 


Pennsylvania Railroad Co., U. S. A. 


Minimum tyre thickness road _ limit 
2—1/4" for modern road locomotives and 
1—5/8" for shifting locomotives. The 
shop tyre thickness limit after last turning, 
must be at least 1/4” greater than the road 
limit. The thickness is independent of 
speed. 


Sudan Railways. 

No distinction is made in tyre scrapping 
sizes and loads carried or speeds run. The 
scrapping and « let-go » sizes are : 

Locomotives coupled (all sizes) : 1.7/16” 
let go; 1.1/4” scrap. 

Locomotive carrying and tender : 1.3/16” 
fet go; 1” scrap. 

Carriage and wagon disc wheels : 
7/8" scrap. 


letioor 
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Carriage and wagon spoke wheels 
ETO @leti eo; 15/16/"scrap: 


Indian Government Railways. 


The maximum and minimum thickness 
of tyres for 5'—6” gauge are stated below : 


Condemning 
New = 
coupled | carrying 
wheels wheels 
Locomotives ae iL 2" 1.1/8” 
Carriages | 
and wagons DAWA” = ese 


The minimum thickness of tyres for stock 
leaving shops 1/8” above condemning size. 
No special provision made to limit axle 
loads or speeds in relation to tyre thickness’ 


New Zealand Government Railways. 


Steam locomotives and other stock as described in table. 


(Loco. Code No. 15.) 


Stock Dimensions 
Group Position of type = ~ ~ 
No. Minimum Maximum 
«A» «By» «C» «D» «E» 
] Locomotive leading bogies . 13) Ai lea Sines Sa WAT leon 
2 Locomotive drivers 1/27 ia 3/42 YA SA! 
3 Locomotive drivers : 1 5/8” 1 3/8” 3/4" i Ailes) lon 
4 Locomotive trailing bogies . . . 3/8) VAS 3/404) 1/4” 1.5/16 
5 Locomotive trailing bogies . 1 Vi22 TT WAC S340 4 eles) Ge 
6 Locomotive tender bogies 1 SHS ah alyisy” Bye! 1/4” 1.5/16” 
7 Electric locomotive bogies . 163/38) wel Se 3i4e WAN A SyAl@" 
8 Electric locomotive drivers . 1/27 423/47 1/4” 1.5/16 
9 Multiple unit coaches 11/2” 1 1/4" 3/4" WA les) Ge 
10 Cars and vans, etc. 1 3/8” 11/4" 3/4" 1/8” 1.3/16" 
11 Cars and vans, etc. iL SYA IL Iya Sykes" AS ASH AlGy" 
12 Cars and vans, etc. 18 SA Si || (WAN i Sy flGy! 


Dimension — « A » minimum thickness 
of tread at last turning up. 

Dimension — «B» minimum thickness 
of tread allowed to run. 

Dimension — « C » minimum thickness 
of flange allowed to run. 


28 


Dimension — « D» maximum permis- 
sible hollowing in tyre allowed to run. 
Dimension — « E » maximum depth of 


flange allowed to run. 
NOTE. — Re-turning of worn tyres. 
Workshops are not to turn worn tyres 
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and under 


te. 

over 30.000 ~ FO 35900 i rs e 
* > B 
ee 
« 
* 


over 38.009 ADO, yo. . 
Wer ADooe A EOOD $40, * 
gyer 45,090 * $0,999 a 
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Shown qraphically belom 5 : 
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Fig. 7. — Minimum tyre thickness. (Victorian Railways, Australia). 


unnecessarily, and for guidance it must 
be noted that no tyres must be returned if 
the hollowing is less than half of that 
indicated for the various dimensions in 
column «D», providing that the flange 


on the treads do not exceed that enumerated 

in clause 12 of code instruction No. 15. 
Where the hollowing is half, or more tha 

half than specified, the tyre must be re-turned. 


| 
ies 7 tg "3 es 
is not below contour «C », also that flats 
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Rail cars as described in table. 


South African Railways and Harbours 


Standard minimum thicknesses at tread 
at last turning, based on axleload and 
experience, have been laid down for each 
class of engine — e. g. usual minimum 
thicknesses at last turning for tyres of main 
line engines and tenders as follows : 

Engine coupled wheels : 1-5/8". 

Engine bogie wheels : 1-3/8". 

Tender: wheels): 1-3/8". 

For carriage and wagon stock the mini- 
mum thicknesses are : 

Coaching stock : 1-1/8” to 1-1/4"; depend- 
ing on size of axle. 

Wagon stock : 1” to 1-1/4"; depending 
on size of axle. 

Motor coaches : 1-5/8”. 


No limiting thickness in service is laid 


down directly but the maximum flange 


height is not permitted to exceed the 
nominal height by more than 1/4” nor is 
the hollow wear on the tread permitted 
to exceed 1/4”. The final thickness of the 
tyre therefore cannot, in practice be less 
than the prescribed minimum thickness 
at last turning minus 1/4”. 


QUESTION 18. 

When wheels have flats do you repair by 
building up by welding and making good 
the tyre surface by grinding or turning? 

REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Steam locomotives, and coaching stock. 


No. 
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Dimensions 


Description of stock A B 


(see above) 


ee ee eS SE eens Pe hae 


| 
2 49 seater rail cars — leading bogie. 1 1/4’ | i / 828 
3 49 seater rail cars — rear wheels . I | PIS) PB)! 
4 49 seater rail cars — rear wheels . yz | it Sy Sin" 


Eastern and North Eastern Regions, 
Do not weld. 


Steam locomotives. 


Make good the surface by turning. 


Electric motor coaches and carriages. 

Make good the surface by turning where 
flats are of a depth of 3/32” or more. Grind 
for minor flats. 

Wagons. 
Make good the surface by turning. 
Western Region. 

No. 

Southern Region. 


See answer to Question 12. 


London Transport Executive. 

No welding permitted. Where possible 
flats are turned out or in they are too deep, 
the wheel is re-tyred. 

Victorian Railways, Australia. 

A flat of 2 1/2” long it must be taken out 
and_ returned. No welding permitted. 
(See Question 16.) 

Ceylon Railways. 

No — treads are turned down to new 
profiles. 

Pennsylvania Railroad Co., U. S. A. 

Flat spots are removed by turning. Tyres 
are not welded. 

Sudan Railways. 


We remove flats by turning only. 
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Indian Government Railways. 
Wheels with flats re-profiled by turning. 


New Zealand Government Railways. 


Multiple units 


Steam and electric locomotives. 
and Rail Cars. 


Welding not permitted. The tyres 
dressed to remove the flats and metal pick- 


up. 
South African Railways and Harbours. 


No. Welding on tyres is not permitted. 


Wheels with excessive flats are removed 
from the vehicle and turned down to a 
smaller diameter. 


QUESTION 19. 


In addition to choice of metal and its treatment 
do you employ other methods to reduce tyre 
wear (e. g. lubricating flanges or rails )? 

REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Steam locomotives. 


Rail lubricators used, but put down 
primarily to reduce rail wear and only 
incidentally to reduce tyre wear. 


Coaching stock. 


No. 


Eastern and North Eastern Regions. 
No. 
Western Region. 
Flange oilers have been fitted to about 
100 engines of the following classes : 


| Coupled wheel 


| 
| 
| 
| 


diameters 
4'’—7 1/2” 
Sy" 

4’—1 1/2” 
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Normally fit either leading or trailing 
pairs of wheels, lack of space precludes 
from fitting both. 

Oil reaches rails in sufficient quantity 
to reduce wear of tyres on other wheels 
not directly lubricated. 


Southern Region. 


Locomotives, carriages and wagons. 


No. Where curves are severe and duty 
heavy lubricators are installed on the track. 


London Transport Executive. 


Wheel flange lubricators are fitted on the 
high side of the track 50 ft. prior to the start 
of a curve. For curves up to 250 yds long 
2 lubricators are fitted and above this 3. 

Check rail lubricators are fitted in a 
similar manner but on the low rail side. 


Victorian Railways, Australia. 


No. ‘Tests made with flange lubricators 
on locomotives and electric suburban stock 
proved unsatisfactory. 

Lubricators for oiling inner radii of ra‘ls 
are installed at certain curves with the 
object of reducing wear on rails. 


Ceylon Railways. 


Yes; on locomotive wheel flanges only 
on 5 chain curves. 


Pennsylvania Railroad Co., U. S. A. 


Do not use flange oilers on cars or loco- 
motives. 


Sudan Railways. 


No such methods in use. 


Indian Government Railways. 
Depend on the metal and its treatment 
to obtain maximum life from a tyre. 
Flanges and rails not lubricated. 


New Zealand Government Railways. 


Steam and electric locomotives, multiple units, 
and rail cars. 


No flange or rail lubricators or other 
devices used to reduce flange wear, except 
on the electrified tracks at Wellington. 


| 
| 
| 
| 
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South African Railways and Harbours. 


Flange lubrication by water has been 
used but has been discontinued as it was 
expensive to maintain and was often not 
used by drivers. Rail greasers attached to 
the rails are at present preferred. Devices 
for attachment to the locomotive, are, 
however, still receiving consideration. 


QUESTION 20. 


Have you found with locomotives that the 
lateral displacement of the axles influences 
tyre wear? 

REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 

Steam locomotives. 

Taking for example a 4-6-0 locomotive : 

Consider that an engine designed to 
negotiate severe curves, and called upon 
to do duty on a relatively straight track, the 
resultant effect upon wear of tyres would 
be greater. The following is a typical 
example of clearances provided between 
the tyre flanges and the rail for 4-6-0 loco- 
motive : 

Leading pair of wheels 7/16” each side. 

Intermediate pair wheels : 1/2” each side. 

(thin flange). 
Trailing pair wheels : 9/16” each side. 
In each case it is assumed that the rail 
gauge is 4’—8 1/2”. 


Eastern and North Eastern Regions. 


No comparative data. 


Western Region. 


Steam locomotives. 


Assume lateral displacement is synony- 
nous with total lateral clearances. The 
clearances of a given engine are intended 
0 allow that engine to negotiate a given 
minimum curve, should the curve be 
harper the greater must be the clearance 
ind consequently the greater forces imposed 
yy the rail on the wheels against the resi- 
iance offered by the springs, coupled rods, 
tc. Although clearances are sufficient to 
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permit the negotiation of a sharp curve 
without danger of bending the frames 
or the derailment of the engine, expect 
wear on the flange of the tyres would be 
greater than in the case of an engine of the 
same class negotiating a curve of greater 
radius. Experience substantiates that, in the 
case of certain engines working on branch 
lines with sharp curves, which engines have 
proper clearances to negotiate these curves, 
give trouble through excessive tyre wear 
unless flanged oilers are fitted, (see Ques- 
tion C. 19 above). The total lateral coupled 
wheel clearances when new for 4-6-0 
engines all types (wheel diameters from 
3'—8" to 6’—8 1/2") are as follows : 

Leading : 21/64". 

Driving : 27/64". 

Trailing : 21/64”, 


Southern Region. 


Steam locomotives. 


No information, but experience has 
shown that the wear is greater on the wheels 
when engines of the same class are called 
upon to work over more tortuous track. 
Design allows for the curve, in conjunction 
with the wheelbase, to determine the 
amount of side play required at each axle; 
for example, a six-wheeled coupled engine, 
the leading and trailing wheels having 
normal tyre flanges, there is a clearance 
between rail and flange of 5/16” each side. 
The driving wheels have a clearance of 
7/16" between flange and rail. There is in 
addition a play between the axlebox jour- 
nals in the axle box and horns of 1/32” in 
each case on each side thereby giving a 
total clearance of the leading and trailing 
wheels of 3/8” and the driving wheels 1/2”. 
All tender wheels have similar flange and 
rail clearances, and lateral play as for the 
leading and trailing wheels of locomotives 
Provision for lateral displacement on centre 
pair of tender wheels provided for by 
sliding spring shoe on top of the axlebox. 


London Transport Executive. 


Not applicable. 


‘ “ane 
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Victorian Railways, Australia. 


It is considered that excessive lateral clear- 
ance due to wear in boxes and horns 
reacts unfavourably on tyre flanges. 


Ceylon Railways. 
Nes: 


Pennsylvania Railroad Co., U. S. A. 


No data to show that lateral displacement 
of wheels influences tyre wear. It is a fact, 
however, that the longer rigid driving 
wheel base locomotives wear their front 
driving tyres at a greater rate than locomo- 
tives with a shorter wheel base. 


Sudan Railways. 


Think some extra wear does result from 
such conditions. 


Indian Government Railways. 


Reported that reduced lateral displace- 
ment of axles gives reduced tyre wear, no 
measurements to substantiate this report. 


New Zealand Government Railways. 
Steam locomotives. 


Noticeable that the tyres of the long wheel 
base locomotives (8 coupled) show more 
flange wear than those of short wheel base 
locomotives (6 coupled). The amount of 
lateral displacement possible does not 
compensate for the added length of the 
rigid wheel base. 


Electric locomotives, and multiple units. 
Not investigated. 
Rail cars. 
The middle axle of the 6-wheeled Vulcan 


Railcars has wheels without flanges, no 
other lateral displacement provided. 


South African Railways and Harbours. 


In certain special instances it has been 
found that the provision of slight additional 
side play for the leading coupled wheels 
results in a more even distribution of flange 


wear between the leading and driving 
wheels. 


QUESTION 21. 


Have you proved that lessening of huntm, 
(particularly lessening the rotation of th 
bogie round its pivot ) reduces tyre wear? 

REPLIES. | 
BRITISH RAILWAYS. 


London Midland Region. | 
No reply. | 
Eastern and North Eastern Regions 


No data available. 


Western Region. 


No data available. 


No information. 


London Transport Executive. 


This has not been proved but it is believ: 
that reduced hunting and nosing of whe 
and axle assembly and nosing of bogie d 
reduce tyre wear. 


: 
) 
| 
Southern Region. 


Victorian Railways, Australia. 


It is considered that the introduction 
locomotive bogies and trailing trucks 
constant resistance rockers has resulted 
the reduction of flange wear. No restraq 
ing device for lessening the rotation of bog 
around its pivot has been tried. 


Ceylon Railways. 
No reply. 


Pennsylvania Railroad Co., U. S. 


No data to show that freely swivelli 
engine trucks affect the rate of tyre wea 


Sudan Railways. 


Not proved. 


ApriIL 1950 BULLETIN OF THE INT, Rarway CONGRESS ASSOCIATION 721/39 


Indian Government Railways. Eastern and North Eastern Regions. 


That is our general observation, but this 
cannot be said to be « proved » owing to 
lack of measurements. 


New Zealand Government Railways. 


No 


information. 


South African Railways and Harbours. 


With steam locomotives hunting has not 
presented any problem. With two-bogie 
electric locomotives, prevention of hunting, 
in the form of rotation of the bogie about 
its pivot, has been found to be most impor- 
tant if excessive tyre wear is to be avoided. 


QUESTION 22. 


Have you tried or do you use independent 
wheels? What has been your experience with 
these wheels regarding tyre wear? 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
yoaching stock. 


Experiments made with one vehicle. The 
rouble experienced with the independently 
otating wheel nullified the experiment. 


Method employed was to use a normal 
ype of axle with a standard fixed wheel at 
me end : at the other end the wheel was 
nounted on the axle by a bearing allowing 
elative rotation. The main reasons for 
losing the experiment were as follows : 

1) Difficulty in maintaining satisfactory 
lubrication on main bearing; two 


separate attempts were made to achieve 
p this. 


2) Increased flange wear on tyres. 


3) No definite reduction of tractive resist- 
ance. 


I) The increased liability of wheel pick- 
up during braking. 


No. 

Western Region. 
No. 

Southern Region. 
No. 


London Transport Executive. 


No. 


Victorian Railways, Australia. 


No. 


Ceylon Railways. 
No reply. 


Pennsylvania Railroad Co., U. S. A. 


Do not use independent wheels unless 
this is meant to signify wheels with unflanged 
tyres. Wheels with unflanged tyres are 
used to increase the life of driving box hub 
liners and permits locomotives with longer 
rigid driving wheel bases to be operated 
on sharp curves. 


Sudan Railways. 
No. 


Indian Government Railways. 


No. 


New Zealand Government Railways. 
Rail cars. 


The middle axle of the 6 wheeled Vulcan 
rail cars has independent wheels because 
the axle has a set in it to clear the engine. 
The tyre wear is normal. 


South African Railways and Harbours. 


Independent wheels have not been tried. 
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D. AXLE BOXES. 
a) Roller bearing boxes. 
QUESTION 23. 


Do you use Roller bearings? If so, kindly 
say what results have been obtained regard- 
ing : 

1. Number of hot boxes. 

2. Maintenance costs. 

3. State period between lubrication and 
inspection. 


REPLIES. 
BRITISH RAILWAYS. 


London Midland Region. 


Steam locomotives. 
Yes, to a small extent on locomotives. 


(1) No hot boxes have occured to date. 
Some of these boxes have run for nearly 
a million miles. 

True costs of maintenance not avail- 
able for earlier applications, but with 
more recent applications, mainten- 
ance is confined to examination and 
lubrication at periodic mileages. It is 
anticipated that the cost of this will 
be in the region of £ 10 per axle per 
1 000 000 miles. 

Generally speaking on oil lubricated 
boxes, lubrication is carried out every 
10 — 12000 miles. On grease lubri- 
cated boxes this is every 6 months. 
Examination of the bearings takes place 
at every shop repair which may be from 
70 000 to 100 000 miles. 


(2) 


Electric motor coaches, 
Yes. 

(1) None. 

(2) No record. 

(3) Liverpool/Southport saloon stock. — 
Inspected at wheel turning. Oiled every 
25 days. 
Wirral 
turning. 
Euston/Watford compartment stock. — 
Greased at wheel turning. 


stock. — Greased at wheel 
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Eastern and North Eastern Regions 


Steam locomotives. 
Yes, but not sufficient to give particulars 


Electric motor coach2s. 
Two twin sets fitted with Hoffmann rolle: 
bearings. 


Carriages. | 
One sleeping car fitted with six-wheelec 
bogies and Timken bearings. 
Wagons. 
No. 
Western Region. 


No. 


| 
| 
| 
Southern Region. 
None in use. | 


London Transport Executive. 


(1) The failure rate of roller bearing axl 
boxes in service over the last 10 yeas 
causing a delay of 2 mins. or greater is 
.00046 per 100000 miles per box/ye 
= .0014 per 500000 K. M. per boy 
year. 

(2) The annual maintenance costs af 
estimated to be 4.24/— per roller bearin} 
and 36.9/— per journal bearing. 

(3) Lubrication is carried out every 1 
weeks with grease. 


Victorian Railways, Australia. 


Steam locomotives. 


Applied to certain locomotives for engi 
bogie, trailing truck and tender. 


(1) No hot boxes recorded. 


(2) A considerable reduction of mainte} 
ance costs is achieved as compared wi] 
existing type bearings. 

(3) SKF bearings. 

(a) Engine bogie. Grease added 
each 12000 miles, outer ri 
rotated 120° at 162 000 miles, stri 
ped and examined at 500 000 mil! 
(See note below). 

(b) Trailing truck and tender bog 
Grease added at 192 000 miles ou 
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rings rotated 120° at 216 000 miles, 
stripped and examined at 500000 
miles. (See note below.) 

(c) Tender bogie. Grease added at 
250 000 miles. Outer rings rotated 
120° at 358000 miles, stripped 
and examined at 500000 miles. 


Timken bearings. 


Cups rotated 120° and re-oiled at 250,000 
miles. Stripped and examined at 500,000 
miles. (See note below.) 


Complete installation of SKF journal 
side bearings is to be adopted on the latest 
express passenger locomotives. 


Electric locomotives. 


No. 


Rail cars. 

ny cs. 

(1) No hot boxes recorded. 
(2) No data available. 

(3) Not yet determined. 


Electric motor coaches. 


No. 


Carriages. 

Roller bearings are used throughout on 
the « Spirit of Progress », Sydney Express 
Train and similar steel cars and vans for 
country service. 


(1) No hot boxes recorded. 


(2) Maintenance work practically elimin- 
ated for the life of the bearing. 

(3) Oil is completely cleaned out of box at 
each 12 months running period or 
approx. 140000 miles. Stripped and 
examined, cups turned at each period 
of 300000 miles. Bearings removed 
from service at 1 200000 miles. 


Wagons. 
No. 


Note : SKF outer rings are subsequently 
otated 120° at increments of 108 000 miles. 

Timken cups are subsequently rotated 
20° at increments of 216000 miles. 
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Ceylon Railways. 


Experimental stage. — Satisfactory, — 
Periodical inspection 6 monthly period. 
(1) Nil. 

(2) Satisfactory. 
(3) Periodical inspection half yearly. 


Pennsylvania Railroad Co., U. S. A. 


Roller bearings are used extensively on 
locomotive driving wheels, engine trucks, 
and trailer truck wheels and tenders. They 
result in decreased hot boxes, and mainten- 
ance costs. Oil level in the locomotive boxes 
is checked every 30 days at monthly boiler 
wash and lubrication is replenished as 
required. Boxes are inspected after each trip 
to detect abnormal running temperatures, 
oil leaks or defective parts. 


Sudan Railways. 


Yes, on carriages bogies only, 120 boxes 
only. Roller bearing boxes have not been 
successful and are not being repeated on 
account of exceptional conditions. 

(1) Practicaly unknown. 
(2) No separate figures are available. 


(3) Every 6 months the box is opened and 
if necessary more grease is added, 


Indian Government Railways. 


Roller bearings standard for carrying 
wheels on locomotives. Have 500 boxes 
in use on coaching stock for some years 
with satisfactory results. Reliable data in 
regard to hot boxes not available; there 
have been very few such cases, also mainten- 
ance costs low. Manufacturers’ recommend 
ations strictly followed in respect of lubri- 
cation and inspection. 


New Zealand Government Railways. 
All classes of rolling stock (wagons other than 
bogie vehicles not included ). 
Yes: 


(1) No hot boxes, excepting for occasional 
failures where used for steam locomo- 
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tives, due to the fracture of rollers or 
races. 

(2) Statistics respecting maintenance cost 
not kept, but costs are low. 

(3) Steam and electric locomotives and multiple 
units. 

Inside journal axleboxes on pony axles 
and bogies, including those on coupled 
wheels, have grease supply replenished 
every 3 months. Timken oil lubricated 
roller bearings for locomotives have oil 
replenished at each shopping, one 
month following this and then after 
every 6 months, to next shopping. 
Inspected each shopping and after 


derailment. Electric locomotives and 
multiple units go from overhaul to 
overhaul. 

Rail cars. 


Lubrication inspection takes place at 
tyre turning only i. e. 50 000 to 90 000 


miles. 


Coaching stock and bogie wagons. 


S. K. F. grease lubricated bearings 
are inspected and receive necessary at- 
tention during heavy overhauls. Timken 
oil lubricated bearings receive attention 
as follows : 

1. At workshops. 


9. Then | month after release from work- 
shops. 

3. Then 7 months after release from work- 
shops. 


4. Thereafter at 6 monthly intervals. 


South African Railways and Harbours. 


Yes. 


1. With self aligning barrel roller bearings 
a comparatively large number of hot 
boxes has been experienced — an average 
of 10 % per year of the total number in 
service. ‘This, however, was mainly due 
to the poor qualities of lubricants. The 
type with tapered roller bearings give 
very little trouble, hot boxes experienced 
beinge only about 4% % of the total 
number in service. 
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2. Cost of lubricating roller bearings 
Self-aligning barrel roller bearing — 
7/— per box per annum. 

Tapered roller bearings — 2/4 d per box 
per annum. 

3. Roller bearings are examined after the 
first month in service thereafter every 
three months and _ replenished with 
grease or oil when necessary. 

Roller bearings are dismantled, washed 
out and thoroughly inspected when 
locomotives and passenger coaches are 
sent to workshops for overhaul, viz. 
Locomotives approximately every 3 years 
(150,000 miles). 

Passenger coaches approximately every 
3 years. 


QUESTION 24. 


Have you found any difficulties due to the 
use of axleboxes of this type? Please 
indicate (fractures and wear of details, 
damage through rough shunting, etc. ). 


REPLIES. 


BRITISH RAILWAYS. 
London Midland Region. 
Steam locomotives. 


No difficulties experienced to date. 


Eastern and North Eastern Regions. | 


Steam locomotives. Electric motor coaches and 
carriages. : 


No. 
Western Region. 
See reply to Question 23. 


Southern Region. 
See reply to Question 23. 


London Transport Executive. 


No difficulties are encountered with the 
design of axlebox used. Renewable man-) 
ganese steel liners are provided engag-| 
ing the bogie horn checks which are| 
similarly equipped. The hole in the axle-) 
box lid which carries the thrust pad equip-: 
ment is fitted with a renewable steel bush.) 
The axleboxes are of cast steel and fractures 
do not occur. 
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Victorian Railways, Australia. 


No. 


Ceylon Railways. 


One case of loose sleeve resulting in a 
scoured journal. 


Pennsylvania Railroad Co., U. S. A. 


No difficulties have been experienced. 


Sudan Railways. 
No. 


Indian Government Railways. 


No. 


New Zealand Government Railways. 


Steam locomotives. 


The loss of grease from cannon boxes is 
greater than expected. There have been 
a few cases of fracture of rollers and races. 
Water and filth was forced into the bearings 
of the bogies by high pressure cleaning 
guns. 


Other rolling stock. 
No. 


South African Railways and Harbours. 


The main difficulties experienced with 
roller bearings on carriages, wagons, steam 
and electric locomotives are the result of 
poor qualities of lubricants particularly 
in respect of grease which is found to break 
down at ordinary running temperatures. 

During periodical examination, roller 
bearings are frequently found to be slightly 
pitted or flaked and it is the practice to 
replace these bearings to obviate any 
possibility of a later failure in traffic. 


QUESTION 25. 


What type of roller bearing box do you use 
(cylindrical, conical or roller bearing )? 
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REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Steam locomotives. 

Bearings used mainly Timken tapered, 
but also applications of Skefko spherical 
and Hoffmann cylindrical types. 

Electric motor coaches. 


Timken taper — 512. 
SKF parallel — 152. 
SKF self-aligning — 48. 


Eastern and North Eastern Regions. 


For examples of applications to steam 
locomotives, electric stock and carriages, 
see Fig. 8. Locomotive crank axle (Timken). 

See Fig. 9. Locomotive bogie axle (Tim- 


ken). 
See Fig. 10. 4-wheeled motor bogie 
(Hoffmann). 


Western Region. 
See reply to Question 23. 


Southern Region. 
See reply to Question 23. 


London Transport Executive. 


Fig. 11 shows the general arrangment 
and principal dimensions of a_ typical 
roller bearing axlebox in service. The 


maximum load per axle for a box of this 
type is about 14 tons. 


Victorian Railways, Australia. 
Steam locomotives. 
SKF spherical roller bearings for rail- 
way axlebox. 
Timken tapered dual row roller bearings. 


Rail cars. 

Walker Diesel rail cars use Timken 
tapered single row roller bearings, one pair 
per axlebox. 

Carriages. 
Timken tapered dual row roller bearings. 


Ceylon Railways. 


« Skefko » roller bearings and Hoffmann’s 
ball and roller bearings. 
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Pennsylvania Railroad Co., U. S. A. 


Tapered roller bearings, cylindrical roller 
bearings, and spherical roller bearings are 
used. 


Sudan Railways. 


Double row spherical roller bearing 


(2 races per box). 


Indian Government Railways. 


Both SKF (barrel-shaped rollers) and 
Timken (taper rollers) bearings employed 
on locomotives and coaching stock. Recently 
Hoffmann roller bearings added to the list 
of permissible alternatives. 


New Zealand Government Railways. 


Steam and electric locomotives, multiple units, 
raul cars, passenger and wagon stock. 
Timken conical roller bearmegs and 


S. K. F. spherical roller bearings. 


South African Railways and Harbours. 


Roller bearings in use on steam and 
electric locomotives are of two types 

a) ‘Yapered roller bearings. 

b) Self-aligning barrel roller bearings. 

For Carriage and Wagon Stock : 

Roller bearings were fitted to a few short 
cattle wagons. As replacements become 
necessary plain bearings will be fitted. 

Roller bearings of the following makes 
have been fitted to Ist and 2nd class main 
line coaches including motor coaches 

‘Timken 

Skefko : self-aligning barrel — 
with tapered sleeves. 

Hoffmann : 
bearing. 


: tapered roller. 
majority 


parallel roller with thrust 


QUESTION 26. 


What type of protection do you use against 
the penetration of dust and water into the 
interior of the box? 
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REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 


Steam locomotives. 


Sealing rings provided with grooves and 
packed with stiff grease, in certain in- 
stances supplemented by leather seals. 


Grease packed labyrinths. No special 


protection. 
Eastern and North Eastern Regions. 
See answer to Question 25. 


Western Region. 
See reply to Question 23. 


Southern Region. 
See reply to Question 23. 


London Transport Executive. 
See answer to Question 25. 


Victorian Railways, Australia. 


SKF felt rings or sealing collars. 


Timken labyrinth type enclosure. 


Rail cars. 
Timken enclosure sleeve, 
Carriages. 
Timken labyrinth type enclosure. 
Ceylon Railways. 


| 

' 

| 

| 

Steam locomotives. | 
Axlebox makers designs. 
Pennsylvania Railroad Co., U. S. A. 
A labyrinthic seal is provided in the 
opening between axle and box to retain the} 
lubrication and exclude dirt and moisture 


Sudan Railways. 


Felt ring in back of box sealing agains 
thrust ring on journal collar. 


Indian Government Railways. : 
No special precautions other than those 


| 


embodied in the manufacturer’s designs 
adopted. | 


tish Railways. Eastern and North 


(Bri 


Regions). 
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. 8. — Axlebox for crank axle. (Timken) 
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— Eastern and Nerth Eastern Regions) 
—— Electric 
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HOFFMANN. \ 
—_—_———— 


SPECIAL ROLLER. BEARING No LIS27.’ 


9 |W oTEs 
“EAA. P 


OIA. OF 
ARLE, 


| 2 ate i les 


oer on 


NOTE :- SLOT IN BAFFLE PLATE 


MUST BE AT BOTTOM AS SHY: 


Fig. 11. — Roller Bearing axlebox (Hoffmann). (London Passenger Tran 
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New Zealand Government Railways. 


Steam and electric locomotives, multiple units, 
rail cars, passenger and wagon stock. 
S. Kk. F. — Labyrinth filled with grease. 
Also felt rings in some boxes. 


Timken. — Labyrinth. Leather shields 
fitted also. 


South African Railways and Harbours. 


Axleboxes of the tapered roller-bearing 
type are provided with oil slinger rings and 
labyrinth seals which are filled with hard 
water-pump grease. 


Axleboxes of the self-aligning barrel 
roller-bearing type are provided with felt 
seals. In addition, the provision of a vent 
or breather pipe is usually requested. 


QUESTION 27. 


What are the loads per axle and the speeds 
permitted for the boxes you use? Give 
principal dimensions, catalogue number, draw- 
ing, etc.? 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 


Steam locomotives. 


Load per axle | Designed 


ln ae“ speed. 
Miles 
Tons | Cwts | per hour 
Express passenger. 
4-6-2 Class 7 ta- 
ken as typical. 
MODIOMRL.| ff. 4.55" 10 18 — 
WCoupled wheels . .| 22 | 14 — 
Mmeony truck... . 16 10 — 
Tender 
Readers, ae 19 8 100 
Intermediate . . 18 10 — 
railerme.. cesar. S| TNS — 
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Load per axle} Designed 
A ee Oe aspced: 
| Miles 
Tons | Cwts | per hour. 


ee ee eee ee 
Mixed traffic. 4-6-0 


Class 5 (Caprotti 
valve gear) taken 


as typical. 
BOY 5 a a oo be 8 19 — 
; Coupled wheels : 
ead? 18 18 80 
Divine se 19 0) — 
railing sae 18 14 — 
Tender : 
ca dei ae 18 6 — 
Intermediate . . 17 11 _ 
SETAC Tees es, Pee 17 19 — 


Typical principal dimensions etc. 


Bogie firm’s Dre. RF. 
Double row, journal dia. 6 1/2", 


Timken. — 


7616/1. 


journal length 11”. 


Coupled : firm’s Drg. RF 7633/1. Single 
row, journal dia. 9 1/4”, journal length 
8 7/8". 

Tender : firm’s Drg. RF. 7605/3. Double 
row, journal dia. 6”, journal length 8 9/16’. 


Skefko. — Coupled : firm’s Drg. 403228 
Double row. journal dia. 260 mm length 10”. 


Hoffmann. — Pony : double row and 
ball thrust. Journal dia. 5 1/2”—6”. 


Electric motor coaches. 


Liverpool/Southport Saloon Stock. — 
Timken taper: Drg. No. R.F. 5704/5. Max. 
load 13 1/2 tons/axle. Max. speed 70 miles 
per hour. 


Wirral Stock. — SKF parallel Drg. Nos. 
1.132748 and 1.132749. Max. load 13 tons 
/axle. Maximum speed 60 m. p. h. 


Euston/Watfort Compartment Stock. — 
Timkenstaper Dre. No. D. 1904/3. SKE 
self-aligning Drg. No. 1.132300 and 1.130747 
Max. load 16 tons/axle. Max. speed 60 


vane p. hy 


| 
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Eastern and North Eastern Regions. 


Designed 
speed 


Railroad axle Static load journal 


j 
| 
i 
| 


Steam locomotives. { 
Bogie bem a 9 16 2 4 5 2 | 
Coupled wheels Gnax.)> - >. = =. 22 7 0) 9 5 2: — 
[oman erin as b Ag yo o Oo m2 19 0 0 8 12 2 90 a 
SiGe oye tn ae oe eae 1Siea> 14 0) 6 17 0 = | 

Electric coaching stock. H 
Motor bogic a eat tte col) eae iD | © 0 Sas een 2 — 
Nanowire WOES 5 on oS ce 8 8 12 0 3} ie |). & 60 
Timer DOSE. au 5 5 6 os 6 oO 6 i 0 3 Os a0 — 

CONTAC ES Ake where AY etc Ree ae fi 13 3 ye Stone 90 

| 


Particulars of dimensions etc., of roller Timken EE 153000: bore 4 875”, 0.s. dia. 
bearings are given on drawings supplied 10.1875", max. width. Dei De: 
by Eastern and North Eastern Regions. 
The carriage bearing figures are for the 
six-wheeled bogie vehicle. 


Heavy type. 

31 700 lbs. maximum axle load on rails. 
Speed up to 70 m. p. h. 

London Transport Executive. Timken EE 270000 series, bore 5 125’, 


o. s. dia. 11.0236”, max. width. 6.75”. 
See answer to Question 25. 


Ceylon Railways. 


Victorian Rail Australia. Hee 
a pegs panes ee te an Loads and speeds are not limited by 


Steam locomotives. axleboxes in use. 


Maximum of 43 350 Ibs. axle load on 
rails. Speed up to 70 miles per hour. SKF Pennsylvania Railroad Co., U. S. A 


1.37605, bore 5.1118”, O. S. Dia. 11,0238" 
width 3.661”: Loads per axle for our latest steam pas; 


senger locomotives are : engine truck 


Timken EE 270 000, bore 5.375 max. o. s. ; p 
: ‘ ete ; 53 650 lbs.; drivers — 69 250 lbs.; trailer 
dia. 11.0236” max. width 6.7/5. 65.000 Ibs. | 
iz 


caren Passenger car loads with 6” x I1” s 
roller bearings average about 37 500 Ibs 
per axle for sleeping cars, and slightly les} 
for coaches. 


Walker Diesel rail cars, 16 800 Ibs. axle 


load on rails. 


Speed 45 miles per hour. For examples of applications to stear 
Timken 938-932: bore 4500", 0.s. dia. locomotives and passenger car bearings 
O97)", max, « Wwidthme462 01% see Fig. 12 and 13. 
Carriages. 
Light type. Sudan Railways. 


30 550 Ibs. maximum axle load on rails (a) SKF bearing SKF catalogue Ne 
Speed up to 70 m. p. h.. 1.35156 — covers the general type. 
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(6) Journal size 110 m/ms. and 215 m/ms. 


but taper collars go on journal before 
the R. B. races. 


(c) Axle loads vary between 7-8 tons. 
The question of speed limitation does 
not arise, speeds are low. 


BRONZE LINER- 23 
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L alee Label bt 
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& SPRING RIGGING sHoULS Be 
PROVIDED WITH CUFFICENT 


FREE LATERAL MOTION OF 
ORIVER OXLE ASSEN GLY. 


R207 7 


pike she 
eZ 


Z. zx A 


erat 


BULLETIN OF THE InT. RatLway Concress ASSOCIATION 


SECTION C-C 
TOP HALF OF HOUSING 


Sx 5 
Loa WELOING Dlagaan TRAC R-¢3229) 


733/51 


New Zealand Government Railways. 


Steam locomotives. 


Maximum permissible 


speed for express 
tains ==) 50 imp. h. 


SPRING SADDLE WEAR PLATES WA & 
“Swen WeLDLe AT INOS OW POP 
Ute & 
LATERAL CLEARANCES AND THICKNESS 
‘OF PEDESTAL LUG LINER CROSSED OFF 
AMD CHANGED AS SHOWN IM TAQLE. 
12-14-45 
DIGENSIONS L Bor come 4: rem 
Fieae teen Wea Sas Te Pee 
Anol! fq RESP ECYWE LY To COnroRh To 
pened tac wug Line BETA. 
BAe RZ 4) 


SHOP AND MOAD ELCARANCE LimiTe 
RES PIED. 1-22-43 -1o-49) 


Le STEEL LINER NE4 €5— WeLoING DIAGRAM TRAC. D-anaZ42 


(St0=.018" CLASS AND RUNNING REPAIRS 
048) MAK. ROAD Limit, 


oo 9 PEDESTAL OPENING 
24 


OUD LINERS. aurow loi win TO .0iS max. 
GLEACANCE RETWEEN HOUSING LINERS 6. 
FRAME SHOE LINERS. 
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ORIVER AXLE ASSEMBLY 


HALE UN tee = 
SECTION: B-B 2 ARLE ALL DRIVERS. 


Fig. 12. — Locomotive driving axlebox (Timken). (Pennsylvania Railroad Gy. — U. S. A.) 


Indian Government Railways. 


The heaviest axle loads where roller 
Jearings have been used in India are 18.75 
ons for locomotives and 16 tons for coach- 
ng stock. Maximum permissible speed in 
ndia is 60/65 miles per hour, should not be 
aken to imply that the bearings are not 
uitable for higher speeds. 


wr e. 


Electric locomotives. 


Maximum safe speed 55 m. p. h. Maxi- 
mum permissible speed 50 m. p. h. 


Multiple units. 


About 12 tons per axle, loaded. Max. safe 
speed 60 m. p. h. Maximum permissible 
SpeechoURm-s pa. 
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Rail cars. 
Maximum permissible speed 55 m. p. h, 


Coaching and wagon stock. 
Maximum speed 50 miles per hour. 


South African Railways and Harbours. 


Roller-bearing axleboxes carry loads as 
follows 


Steam locomotives. 


Up to 19 tons per axle at speeds up to 
60 miles per hour. 


Electric locomotives. 


Up to 20 tons per axle at speeds up to 
60 miles per hour. 


Carriage and wagon stock. 


Up to 27000 Ibs. per axle at speeds up 
to 60 miles per hour. 


QUESTION 28. 


What is the system of mounting the rollers 
on the journal? What are the advantages 
and disadvantages of the system used? 


REPLIES 
BRITISH RAILWAYS 
London Midland Region. 


Steam locomotives. 


In all types used, the inner roller races 
we mounted directly on the journal with 
| heavy press fit, spacers being employed 
n the double row Timken and Hoffmann 
ipplications. 

This method is the simplest, lightest and 
Ast permanent method of assembly. 


The disadvantage is that a press is needed 
> remove the bearing from the axle but, 
s the occasions for this are rare, it is not 
serious one. 


lectric motor coaches. 


Timken taper : tapered sleeve between 
mer race and journal passed on. 


30 
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SKF parallel inner race shrunk on 


journal. 


SKF self-aligning : tapered sleeve driven 
home between both inner and outer races 
and journal. 


Eastern and North Eastern Regions. 


Electric motor coaches and carriages. 


Arranged as shown for accessibility. See 
answer to Question No. 25. 


London Transport Executive. 


The boxes are of the « pull-off » type 
which have the advantages of easy mount- 
ing and removal. The axle stub has a 
smooth surface, unrestricted by nuts and 
screw threads, for the application of the 
probes of an ultrasonic axle tester. The 
lateral forces imposed on the axle are 
transmitted to the axlebox by means of an 
end thrust pad. 

It is necessary to provide adequate 
interference allowances between the axle 
journal and the shrunk fitted axlebox sleeve 
and to ensure that the quality of the mach- 
ining of the axle journal and sleeve is in 
accordance with the specified requirements. 


Victorian Railways, Australia. 


Steam locomotives. 


SKF bearings on inside journals pressed 
on to axle. 

SKF bearings on outside journals secured 
with tapered sleeve nut and lock washer. 

Timken bearings pressed on to axle, 

(See below for advantage and disad- 
vantage.) 


Rail cars. 
Bearings pressed on to axle. 


Carriages. 


Bearings pressed on to axle. 
Advantage : greater security as compared 
with tapered sleeve. 


Disadvantage : not so readily assembled 
and dismantled as compared with the 
latter. 
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Ceylon Railways. 
No replies. 
Pennsylvania Railroad Co., U. S. A. 


Roller bearings are pressed on the journal 
with a hydraulic press. The advantage of 
this method is that no trouble is experien- 
ced with inner races turning and scoring 
the journal. Tapered sleeves, large axle 
nuts and locking keys are not required to 
hold bearings in position when press fits 
are used. 

Sudan Railways. 


(a) Split taper bushes, and R. B. races 
held on these split bushes by tightening 
nut on the outer end of the journal. 

(b) The system is satisfactory no disad- 
vantages. 


Indian Government Railways. 


Both the cylindrical press-fit and the 
taper sleeve-fit in use. The latter slightly 
more expensive but allows for easier machin- 
ing tolerances. Theoretically, the introduc- 
tion of two additional machined faces on 
the taper sleeve can increase the ovality 
errors. 


New Zealand Government Railways. 


Steam locomotives. 

Cannon boxes : the inner race is pressed 
directly on to the journal. 

Steam locomotives, electric locomotives, multiple 
units, rail cars, passenger and wagon stock. 
Bogie boxes : Timken pressed directly 

on to journal. 

S. K. F. inner race fitted on taper sleeve. 
Advantage 


Disadvantage if bearing is made of 
poor material, it is possible to put excessive 
load on it when assembling. 


: can strip bearing with ease. 


South African Railways and Harbours. 


Tapered roller bearings are mounted 
directly on the journals with an interference 
fit requiring approximately 30 — 40 tons 
pressure. Self-aligning barrel roller bear- 
ings are mounted by the above method and 
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also in many instances by means of tapered 
withdrawal sleeves. 

The latter method of mounting has many 
distinct disadvantages in that it has been | 
frequently found that where insufficient | 
pressure has been applied during mounting, | 
the sleeves will rotate on the journals and | 
cause scoring of the journals. In addition, | 
a large number of failures has been caused 
by. excessive pressure being applied during 
mounting and this has led to cracking of the | 
inner race of the bearing, thus necessitating 
replacements. 


QUESTION 29. 


Do you use special arrangements to prevent 
electric current passing through the roller 
bearings (current for traction or heating )? 


REPLIES. 
BRITISH RAILWAYS 
London Midland Region. 


Steam locomotives. 


Instructions are issued that, when any 
welding is carried out on a locomotive, the} 
earth should be connected to the locomotive 
frame and not to the rail, so as to prevent 
current passing through the bearing. 


Electric motor coaches. | 


On 3rd and 4th rail systems — no special 
precautions. On 3rd rail systems with 
running rail return, an earthing brush 1s 
fitted on each motored axle. 


Eastern and North Eastern Regions. 


Electric motor coaches. 


No. 


London Transport Executive. 


The traction current system is of th 
4th rail insulated return type, so that nq 
special precautions are required to protect) 
the axle bearings. 


Victorian Railways, Australia. 
No. 
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Pennsylvania Railroad Co., U. S. A. 


Special arrangements for the prevention 
of electric current through the roller 
bearings is used on some of our electric 
multiple unit cars and experimentally on a 
few electric locomotives. This arrangement 
employs a carbon brush to contact the axle 
with ground to prevent current flow 
through the journal bearings. 


Sudan Railways. 


No. No track circuiting or electric trac- 
tion on these railways. 


Indian Government Railways. 


No problem yet, roller bearings have not 
yet been applied on axles of electric loco- 
motives or traction coaches. 


New Zealand Government Railways. 


Electric locomotives and multiple units. 


Brushes bearing on axles carry the main 
current. 


South African Railways and Harbours. 


On electric locomotives and motor coa- 
ches earth brushes are provided, these 
having contact on the centre portion of 
the axle. 


b) Axleboxes with bearing or brasses 
other than ordinary axleboxes with 
oil pads or packing. 

QUESTION 30. 


Describe what types of axleboxes having 
bearings or brasses other than ordinary axle- 
boxes do you use? 


REPLIES. 
BRITISH RAILWAYS. 
Londen Midland Region. 
Steam locomotives. 
No special types except roller bearing. 
Coaching stock. 
None. 
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Eastern and North Eastern Regions. 


Electric motor coaches. 
None. 


Western Region. 
None. 
Southern Region. 


Locomotives. 


Isothermos axleboxes fitted to one 
« Schools » class tender, see Fig. 14. Split 
type coupled axlebox; figure 8 oil grooves 
see Irie, 1115), 


Carriages. 

Axleboxes differing from the ordinary 
type used for motor bogies of multiple 
unit electric stock, see Fig. 16. 


London Transport Executive. 


None used. 


Victorian Railways, Australia. 
All axleboxes other than those referred 
to previously are of the ordinary type. 
Ceylon Railways. 


Cast steel and cast-iron axleboxes with 
slide bearings, some with oil pads and 
others with cotton waste packing. 


Pennsylvania Railroad Co., U. S. A. 


Do not use special boxes for any service. 
There are three types of bearings in use: 
roller bearings, bearing metal lined brass 
bearings and bronze driving box bearings 
pressed into steel boxes. 


Sudan Railways. 


Only « Isothermos » boxes (approx. 48 
boxes only). 


Indian Government Railways. 


Nothing to report. 
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Fig. 15. — Driving axlebox (Divided-type). 
British Railways. — Southern Region. 
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New Zealand Government Railways. 


Steam locomotives and other rolling stock. (See 


below. ) 
No special axleboxes fitted. 


Coaching stock. 

Isothermos axleboxes. Satisfactory pro- 
vided replenishment of oil is not neglected. 
(See reply to Question 36.) 

Wagons. 

Have experience difficulty with Isothermos 
axleboxes due to lack of lubrication, ne- 
cessary to restrict use to suburban _pas- 
senger, or similar stock, with limited run- 
ning for regular attention. 

South African Railways and Harbours. 


«Isothermos » axleboxes, as manufactured 
by J. Stonex Co. Ltd. are utilised on the 
tenders of some steam locomotives. 


For main line coaching stock « Isother- 
mos » boxes are now being manufactured 
by the South African Railways. 


QUESTION 31. 


What is used for the lubrication of these 
axleboxes (grease or owl)? 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Grease. 


Eastern and North Eastern regions, 
See reply to Question 30. 


Western Region. 
See reply to Question 30. 


Southern Region. 
Oil. 
London Transport Executive. 
None _ used. 


Victorian Railways, Australia. 


All axleboxes other than those referred 
to previously are of the ordinary type. 
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Ceylon Railways. 
Oil. 
Pennsylvania Railroad Co., U. S. A. 


Oil lubrication is used for all boxes 
except the bronze driving box bearing which | 
is lubricated with hard grease. | 


Sudan Railways. 
Oil. 

Indian Government Railways. | 
Nothing to report. 
| 
New Zealand Government Railways.: 


Steam locomotives and other rolling stock. 


bearings on steam locomotives. 


Coaching stock. 


Oil. 


| 
| 
No special axleboxes other than rol 
(Isothermos). | 

j 


South African Railways and Harbours; 


Oil. 


QUESTION 32. | 


What type of protection is used against th| 
penetration of dust and water to the interio\ 
of these axleboxes? 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 


Steam locomotives. 


No special types on locomotives excefy 
roller bearing. 


Coaching stock. 


We do not use axleboxes other tha 
ordinary types. 


Wagons. 
' See Southern Region. 


we 
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Tender axlebox 
British Railways, Southern 
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Southern Region. 


Locomotives. 


Interior protected from dust and water 
by shields. 

In the split type box a screwed cap at 
the point of entry of the lubricating pipe 
at the top prevents water or dust entering 
the axlebox. No provision is made at the 
sides of the axlebox. Fig. 15. 


Multiple unit stock. 


Interior protected from dust and water 
by felt shields. 


Wagons. 


January 1947 decided to eliminate dust 
shields from new designs of axleboxes, see 


Fig. 17. 


London Transport Executive. 


None used. 


_Victorian Railways, Australia. 


All axleboxes other than those referred 
to previously are of the ordinary type. 


Ceylon Railways. 
Double bolted lids and dust shields. 


Pennsylvania Railroad Co., U. S. A. 


Labyrinthic seals, to retain lubricant 
and exclude dirt and moisture are used on 
roller bearing boxes. 

Wood dust guards, bored to clossely 
fit the axle dust guard seat, are used on 
plain bearing waste packed boxes. We 
do not use felt rings, etc., for dust seals. 


Sudan Railways. 


A dust shield in a groove at the inner end 
of the box. This dust shield is supplied by, 
the makers in a hard pressed fibre material. 
The two halves are split and half lapped. 
Surrounding both halves a garter spring 


BULLETIN OF THE INT. RatLway Concress ASSOCIATION 


743/61 


is fitted to close up the gap in the hole of 
the dust shield when created by wear. 


Indian Government Railways. 


Nothing ro report. 


New Zealand Government Railways. 
Steam locomotives and other rolling stock, exclud- 
ing coaching and wagon stock. 
No special axleboxes other than roller 
bearings on steam locomotives. 
Coaching stock. 


Leather sealing ring at back of box. 
(Isothermos. ) 


South African Railways and Harbours. 


Oil slinger rings and leather dust shields 
are provided. 


LONGITUDINAL Section 


9x 4% OIL_AXLEBOX 


(Fabricated ) 
Fig. 17. — British Railways (Railway Clearing 
House pattern.) 
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c) Improvements to ordinary axlebo- 
xes with bearings and brasses. 


QUESTION 33. 


What improvements have you carried out to 
brasses and oil pads? 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 


Steam locomotives. 


Improvements to ordinary bearing axle- 
boxes over the last fifteen years include : 


Increased bearing surface and reduced 
pressure per unit of surface. Use of unbroken 
whitemetal lining, extending over arc of 
140° and full length of bearing and keyed to 
brass or axlebox body by machined serra- 
tions in the latter. 

Standardisation of pressed-in brasses for 
coupled axleboxes. 

Lubrication by oil pad only, oil being 
syphoned by pad from keep to which it is 
fed by mechanical lubricator. Oil pads 
of strands of worsted woven on a sheet steel 
frame, shaped to fit journal and with 
loose ends suspended in oil reservoir. The 
frame provided with light coil or leaf 
springs to hold it against the journal. 
Owing to the extent of yarn used, this pad 
ensures an adequate oil supply. 


Coaching stock. 
No radical changes made for 25 years. 
Eastern and North Eastern Regions. 


Electric motor coaches. 


Oil seal lubricators adopted; see Fig. 
18a) and 18b). 


Western Region. 


Cast-iron divided type axleboxes are used 
for carriages and wagons and experience 
with gunmetal over the whole of the surface 
in contact with the axle journal, has 
proved a most satisfactory bearing for 
carriages and wagons. 


Particulars of the whitemetalling process 
is given in Question 35. 
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Lubricating pads with packing material 
of best curled black horse hair and best 
wool waste and provided with coil springs ! 
to maintain even pressure on the journals, 
have proved the most satisfactory. 


Southern Region. 


Following established practice. 


London Transport Executive. 


None of importance. 


Victorian Railways, Australia. 
Steam locomotives. | 
{ 


Wool waste rolls now used on all locomo- | 
tive axleboxes. Heavy red bearing oil used 
in engine axleboxes during the summer 
season (lst November to 30th April) and 
light red bearing oil in engine boxes during 
the winter season (Ist March to 30th 
October) and in the tender boxes through 
out the year. 


Electric motor coaches, cars, wagons. 

One piece boxes with hinged lids, spring 
controlled, have now been adopted as 
standard practice. Boxes provided with 
journal bearing wedge and lubrication is by 
means of wool waste rolls and red oil. 


Ceylon Railways. 


Oil pads being dispensed with and} 
cotton waste packing introduced. 


Pennsylvania Railroad Co., U. S. A. 


Improvements to ordinary boxes and 
bearings have been studied over the years. 
Various journal box oil pads and mechan- 
ical oiling methods have been tried trom 
time to time as they developed but have} 
not shown superiority to present methods. 


Sudan Railways. 


Nil. (We used wool waste packing — 
not pads). 


Indian Government Railways. 


Brasses lined with antifriction metal and 
waste packing standard for many years. 
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New Zealand Government Railways. 


‘Steam loocomotives. 


Grease pads have been fitted to the 


coupled axleboxes of «C» and «K» 
ocomotives. 

Electric locomotives. 

Some have plain bearings. (See also 


“eply to Question 36.) 


“oaching stock. 


Brasses made deeper to prevent journal 
rom being pushed out during braking, 
causing waste grabs. 

Packing made up from full skeins of wool 
mstead of scrap to improve lubrication. 

' «Armstrong oilers » (oiling pads with 
vool wick) have had a limited application 
and are satisfactory. 
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Wagons. 


Deeper brasses used as for coaching 
stock. The capacity of the boxes increased 
to permit storage of a greater quantity 
of oil and packing. « Armstrong oilers » are 
in use, but not on wagons that are used on 
wagon tipplers as oil runs out. Horns have 
been widened. 


South African Railways and Harbours. 


No improvements have been made during 
recent years. 


QUESTION 34. 


What type of anti-friction alloy is used? 
Is there a preference for the use of anti- 
friction metal rich in tin, according to the 


type of vehicle (load and speed )? 
REPLIES. 
BRITISH RAILWAYS. 


eccrine eee ee Bearings and linings for which 
Chemical Analysis 


used. 


| 
; Alloy re 
| All regions Frabee Tin nti- 
of | mony 
| 2 Le 
| Steam locomotives W.M. 1 | 84-86} 9-11 
| Recently standardised | W. M. 2 | 80-85! 9-11 
| Whitemetals W. M. 3 | 58-60! 9-11 
W. M.4 | 11-13 -112-14 


| 


London Midland Region. 
‘team locomotives. 


| Whitemetal. British Railways’ white- 
netal Nos. 1, 2, 3 and 4 alloys are used, 
Nhitemetal 3 (60 °% tin content) being used 
or the majority of purposes. 
Yes. Alloys of higher tin content viz. 
vhitemetal 1 and 2 (85 %) are used for 
ixleboxes having high unit loading. 
Whitemetal 4 alloy (low tin 12 %) is 
ised for bearings of all carrying axles and 
ts use is being extended to other details. 


soaching stock. (See Table p. 748/66.) 
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Gon: Inside big-ends of certain 

Lead | op ; : 

ad | per selected main line locomo- 
7o hae7 tives. 


Inside and outside big- 

0.2 | 4-6 ends generally. Coupling 
max. rod bushes. Driving and 
0-5 | 4-6 coupled axleboxes. Trailing 
27-29 | 2-4 truck axleboxes. Slide blocks, 
pe 0-1 crossheads a. eccentric straps. 
; Locomotive bogie, pony 


truck, and tender axleboxes. 


Eastern and North Eastern Regions. 
Steam locomotives. 


Anti-Attrition Metal Company’s « C » qua- 
lity locomotive white bronze or J. Stone 
and Co’s white bronze : 80 % tin content. 
Garriages and wagons and electric stock. 


Matrix. 
Copper rrr aie ae fe ae tea ee 2 32007, 
PE meer ne eM ttn een ee LOE 257% 
ECAC peer iet Seat oh taken. ee St OZ oes 
VANSG d.. voc Routes teh Re ee Da 
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EE TT, 
Analysis 


Ss : eMOY Class of vehicle 
of material number 


Tin Antimony | Copper Lead 
Pace’ Pont doenengeed ape ttome: Ui erlaite 2itoe ve WE 1 ee 


Virgin Whitemetal 84/86 9/11 4/6 0.20 Articulated carriage 
whitemetal 1 as stock. 
impurity 
Whitemetal Whitemetal 80/85 8/10 4/6 5.0 Dining cars, sleeping 
2) maximum] cars, kitchens, postal } 


vans, electric stock and 
special vehicles. 


Whitemetal Whitemetal 58/60 9/10 2/4 Re- Other coaching vehi- # 

3} mainder | cles. j 
Lead base Whitemetal 11/13 12/14 1.0 Re- Large scale experiments jf 
whitemetal 4 maximum| mainder | are proceeding with || 


type of whitemetal on { 
both carriages and f 


wagons. 


Whitemetal. Southern Region. 
Ordinary carriages and wagons. Whitemetal bearing analysis per cent. 
Sines osc esth = oe. See com 56% Locomotives. Carriages. 
ATtIMOD V2: 5. oem eine Ree oe Lise ee ; irk e at 110.5 
timony : : . 
ve cicllsiea tect Mine wate ee Re 509% Lead : 0/5 27.5/28.5 
Gopper paige sG.c hs dowans ack Sey dein 5 83/85 58.5/60.5 
Special carriages, 1. €., restaurant, sleeping cars, Carriages and wagons over 13 tons. 
high speed trains and electric stock. Gopper== ee 2.0/4.0% 
UTE code ncea ee oe 55.0/57.0% 

RL ADL as ae ney cs Soa Meas Orns ® 

He Beg Dead. enee 29.0/31.0°/ 
ATULDAOINY 20s oye an Pe oe agro Oe oo Antimony o0ee 10.0/12.0% 
Leads: eaeraote ees peer DO © ZING Seach nes 05% maximum 
Copper! Saleen ose eee 15 Alumainiumis) 5/2): 05% maximum 

lronas.2 2S see .08% maximum 
Western Region. Wagons under 13 tons. 
lin’ base. alloys ssddi sc: ane eee 60% Railway Clearing House. 
lead sis entree aetna tae eer! 28% Whatemetal. 
AINULIMODY Ucn ote oe ee eee 10%; edits Beh Hels dolla telat 1.0% 
Lei a ee elo 11.0/13:.08 

Copper ea ce ne cnr A yh OaCCIOpC SO Orato ls Leadtist> ope eee oe TA.O/T608, 


for all locomotives, carriages and wagons. Antimony ........ 12.0/14.0% 


Antimony 
4 Copper. . : 
} Total impurities 
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London Transport Executive. 


The anti-friction metal used for axle 
bearings has the following composition : 

ii 30.94. — Antimony, : 10 %. = 
Mopper : 2.4%. — Lead = 52 %. 

This has proved satisfactory in service 
and is more economical than an alloy 
with a higher tin content. 


Victorian Railways, Australia. 


The lining for journal bearings for 
locomotive tender car and wagon bearings 
is known as B. 17—JBL (journal bearing 
lining) the composition per cent : 

Mlbtigees seer. ete Sloe, Ut ee 

Antimony = 

EXPsemic (MaxIMUIT) © “yo ac. aw « 0 
Copper (maximum) 49.2552. 0 
Tin, antimony, lead and arsenic 99. 
Iron (maximum) 0 
Zinc 0) 
Aluminium (maximum) 


On all bearings on engines, armature 
bearings and journal bearings of electric 
motor and trailer coaches of suburban 
rolling stock lining is known as B. 19— 
C. A. T. metal, the composition per cent : 


PXEUELIMLON oe octet. 7 oe ee 12 — 13 
ep pel er ees te ee te Oa 
ete (balances tf. .ce. m.. ) et 83 — 85 


Ceylon Railways. 


Whitemetal (tin base) on locomotive 
bearings. Whitemetal (lead base) on 
carriage and wagon bearings. 


Pennsylvania Railroad Co., U. S. A. 
Composition of journal bearing lining is : 


0.5%, 
85.25%, 


Copper (maximum) 
Lead (minimum) 


Chemical composition 


19/21 ¥ 
14/16 % 


Not more 
than 0.5 % 
Remainder 
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ARYAN (ee caraobenWe eee 5 eee 6.0% 
Antimony (minimum)...... B20e7, 


The above composition is used for lining 
journal bearings regardless of the weight 
or speed of the equipment. All bearings 
have the same lining metal regardless of 
speed or service. 


Sudan Railways. 
Locomotive specification. 


Jj. Stone and Co. Litd’s Class «Cy» 
(Analysis not known), 
Carriage and wagon specification. 
TCA cepts eet sek is eee et UE 
URC ie $A ee ee ote 129% 
SINE LIN OTNY peters Besser eee ia oo 13% 


As mentioned above our conditions are 
quite exceptional and for carriage and 
wagon work an anti-friction metal rich in tin 
does not wear much better than any other. 
Under desert conditions it is possible to 
wear through 1/4” of good whitemetal 
in some 10000 miles running. 

For locomotives an anti-friction metal 
rich in tin is the most successful in practice. 


Indian Government Railways. 
Classification of anti-friction metal. 
Indian Railway standard specification. 


Class 1. Locomotives bearings. 

Class 2. Metallic packing for piston and 
valve rods. 

Class 3. Carriage and wagon bearings. 

Class 4. Motor and high speed engine 
bearings. 

Class 5. Locomotive axlebox and con- 
necting rod big end bearings. 

Class. 


PINIBM A - 
14/16 % 
5/275 
Not more 
than 0.5 % 
Remainder 


AL SYS8) Remainder 
14/16 % Oy 
Libs Sy. A 
Not more Not more 
than 1.0 % | than0.5 % 
Remainder DUBS “Uf 
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New Zealand Government Railways. 
Steam and electric locomotives, coaching and 


wagon stock. 


Standard white metal 86 % lead, 14 % 
antimony. No differentiation for loads and 
speeds. 


South African Railways and Harbours. 


The following alloys are used for oil 
lubricated boxes : 


Electric locomotives and motor coaches. 


Tin SE URE ce Oe ie eee OO aa 
INOUTTANOIONT 5 5 5 no 5 0 6 4 € eS. 
oO 


Copperza ey stn, cod eee 6%, 


Steam locomotives. 


a isi sane ee eae Pe Dem day Korn 
ENA Oenea. we a a ese tet ey ME 
edd Je en es Se ee eee A % 
Coppers. pu : 6% 


This high tin alloy is used as bearing 
metal for all points on steam locomotives. 


Varriage and wagon stock. 


Antimony . 1D, 
iLeacl . SOROz 
Tin Bao 


QUESTION 35. 


Describe the method of applying the anti- 
friction metal (grinding, centrifugal, sin- 
tering, fritting, etc.) and the minimum 
thickness of the layer. 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Steam locomotives. 


The whitemetal is applied in a molten 
state after firstly tinning the brass to ensure 
a good bond. The minimum thickness of 
the whitemetal layer, after machining, is 
1/8” over the tops of the serrations in the 
brass. 
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Coaching stock. 


The anti-friction metal is chill cast to 


bearing. 
Minimum thickness of anti-friction metal : 
Carriage stock : 1/8”. 
Wagon stock : 3/32”. 


Eastern and North Eastern Regions. 
Locomotives, carriages, and wagons. 


Tinning mixture. 


Lin 49/51" 9: 
Antimony : not more than 0.5 %. 
Lead : difference. 


Bearing machined, and after machining 
the surfaces are wire brushed for whitemetal 
in a chill. White-wash is applied to surfaces 
which are not whitemetal. The remaining 
surfaces are brushed with killed spirits of 
salts or an approved soldering liquid, and 
are then tinned to the tinning mixture 
stated above. Temperature of tinning bath 
is about 320° C. Bearing after it has been 
allowed to stand is then dipped into the bath 
a second time to raise its temperature and 
wire brushed before being placed in the 
chill, which has a temperature of about 
650° C. Chill is inclined to an angle of 
30° C; the back of bearing being uppermost. 
Whitemetal is then poured into chill and 
stirred in risers to ensure homogeneous 
casting. 

Pouring temperature of 56 °% tin content 
white metal to be 440° C/ 450° C. 


Pouring temperature of 80 °% tin content 


whitemetal to be 450° C/ 475°C. 


Western Region. 


Bearings are rough bored to give serra- 
tions of nine per inch. The metalling process 
consists of five operations, and it is of the 
utmost importance that a minimum of 
time elapses between each : 


(1) Limewashed on sides and back. 
(2) Prehzated until stick of solder rubbed 


on brass shows sign of running. 


(3) Brushed with killed spirits. 
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(4) Immersed in bath of molten solder. 


Temperature of brass before entering 
bath 180° C, 

Temperature of brass on leaving bath 
270° C. 


(5) Brass placed on chills and metal poured 
in. Pouring temperature 350° C to 380°C, 


Southern Region. 
Locomotives. 


Bearings are either ground or shot- 
blasted, turned and metalled in a chill. 


Minimum thickness of whitemetal on 
latest express engine coupled axleboxes is 


1/16". 


Carriages and wagons. 


(a) The brass is coated with white-wash on 
all parts except where tnning is required. 


(6) Pre-heat being to a temperature 180° C. 


(c) The brass is coated with soldering fluid 
(zinc chloride and salammonia) where 
tinning is required. Fluid applied with 
brush. 


Immerse brass in tinning bath (composi- 
tion tin 2, lead 1) temperature enter- 
ing bath 180°C. Temperature leaving 
bath with 3/16”. thickness of whitemetal 
302° C. with 3/32” thickness of whit- 
emetal 320° C. 

Brass placed on chill and metal poured 
at 3/16" thick 370° C. 3/39” thick 
420° C. Temperature of chill 50° C 
to 100° C when pouring. 


(Z) 


— 
iss} 
SEP 


London Transport Executive. 


After machining, the unmetalled bearing 
is sand blasted and the surface tinned. 
The whitemetal is applied by pouring into 
the bearing while it is placed on a mandrel 
occupying the same relative position as 


the axle. Before fitting to the axle, the 
bearing is machined on a_reamering 
machine. ‘The minimum thickness of the 


layer for a 9” x 5 1/2” journal is 1/4”. 


Victorian Railways, Australia. 


New bearings are thoroughly cleaned 
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by sand blasting. Used bearings are clean- 
ed by boiling down and de-metalled by 
open fire, gas oven, or pot method, and if 
in good order are re-metalled. Care is taken 
to clean all dirty patches by wiping with 
cotton cloth (not cotton waste) scraped to 
clean the gunmetal surface and again 
wiped with cotton cloth or blown with 
compressed air. Importance of perfect 
tinning is stressed; overheating indicated 
by discoloration must be avoided. The 
flux used is killed spirits or stick sal. am- 
moniac. 

When tinning is completed the brass is 
allowed to cool to 150-180° GC. Mandrel 
used should be at approx. the same tem- 
perature. The melted C. A. T. metal is 
raised to a temperature not lower than 375°C 
nor higher than 400°C and thoroughly 
stirred. Dross is removed, and bearing is 
poured so that all gas is forced out of the 
mould and the metal solidifies from the 
bottom upwards. The minimum thickness 
of lining applied is 5/16”. 


Ceylon Railways. 


Cleaned and tinned bearings are metalled 
in special moulds. 


Pennsylvania Railroad Co., U. S. A. 


Journal bearing is prepared for lining by 
boring and tinning the surface to be lined. 
Molten lining metal is poured into an 
opening between bearing and a mandrel 
at a spacing required to give the proper 
lining thickness. The thickness of lining 
metal is 1/4” when new. 


Sudan Railways. 


(a) Cleaning by acid. 

(6) Tinning. 

(c) Filling under gravity in chills. 
thickness 1/4”. 


Metal 


Indian Government Railways. 
The thickness of the lining about 3/8” 
minimum, Anti-friction metal cast into 
the bearing. 
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New Zealand Government Railways. 


Steam and electric locomotives. 


White metal is cast in. 


Coaching and wagon stock. 


White metal is cast in, the brass shell 
being first tinned, and the molten metal 
is poured into the heated shell. 

Thickness 1/4” at crown. 


South African Railways and Harbours. 


Cast on to a cleaned gunmetal bearing 
surface in a suitably designed cast iron chill 
holding the bearing in position. The 
minimum thickness of the layer is 1/8". 


d) Present practice in the choice of the 
type of box. 


QUESTION 36. 


Set out the different categories of locomotives 
and rolling stock, and the various type of 
service which govern the choice of the type 
of boxes to be adopted, showing the reasons. 


REPDIES: 
BRITISH RAILWAYS. 


London Midland Region. 
Steam locomotives. 


Locomotives are divided into the following 
categories 


Passenger : tender and tank. 
Mixed trafic : tender and tank. 
Freight : tender and tank. 


The type of axlebox is not generally 
influenced by the class of locomotive 
service. 

Roller bearing boxes are used on a few 
passenger and mixed traffic locomotives 
with the object of eliminating hot boxes 
and increasing mileage between shoppings. 
Locomotives of new design in any of these 
categories are provided with axleboxes 
embodying the latest features of design 
referred to in answer to Question No. 33. 


Coaching stock and wagons. 


Two types, the open fronted and the 
divided. The former is used on carriage 
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stock giving easy access to bearing and 
lubricating pad. The divided type is of the 
inkwell tipping pattern and its use is con- 
fined mainly to wagon stock. Steel fabricated 
axleboxes of the open fronted type are also — 
used on wagons. | 


Eastern and North Eastern Regions. 


Oil boxes with pad lubrication generally 
used. 


Western Region. 


Locomotives. 
Cast steel boxes with bronze crown 
brasses, these brasses being lined with 


whitemetal. Hornways fitted with bronze 


liners. 


Carriages and wagons. 


Cast-iron boxes in two halves. Loose 


j 

| 

{ 

| 

brasses lined with whitemetal. | 
Above designs chosen because of long life, | 
low first cost and low maintenance costs. 
1 


Southern Region. 
Locomotives. 


Do not select type of axlebox to suit 
duty, improvements are embodied as oppor- 
tunity occurs. 


Carriages. 


Open fronted type axleboxes of cast iron, 
cast steel used for steam and electric stock. 
Cast steel used for motor bogies and used 
fabricated axleboxes for double-deck trailer 
bogies to reduce weight. 


Open fronted axleboxes make for easy 
inspection and attention of bearing details. 
Normally axleboxes of cast-iron are cheap- 
est and meet service conditions. 


Wagons. 


Divided and open fronted types made} 
from cast-iron are in use and prone to 
failure. Recently a number of cast steel and 
fabricated mild steel axleboxes have been | 
put into services : both types dearer than | 
cast-iron, but longer life expected, thereby | 
justifying cost. 
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London Transport Executive. 


Roller bearing axleboxes are being adop- 
ted for all future passenger stock on account 
of their freedom from trouble and reduced 
‘maintenance costs. 


Victorian Railways, Australia. 


Steam locomotives. 


High speed passenger and general service : 
Preference : roller bearings. 


’ Reason reduction of maintenance, 
‘reduced starting friction. 


; 


_ Goods service : present practice : gun- 
| . 

‘metal, brasses with C. A. T.—B. 19 metal 
lining in two piece boxes or one piece boxes 
without slipper. 

_ Reason : minimising end wear on journal. 


Electric locomotives. 
__ High speed passenger and general service : 
_ Preference : roller bearings. 

y Reason reduction of maintenance, 
peduced starting friction. 

: Goods service 


| Preference : GM brasses with C. A. T.— 
B. 19 metal lining. 


. Reason : reduction of first cost. 


Rail cars. 
General service : 
Preference : roller bearings. 


Reason reduction of maintenance, 
reduced starting friction. 


{ 
4 
p 
" 
1 


Electric motor coaches. 
: 


_ General service : 


Preference : roller bearings, but first cost 
is a limiting consideration. 


Cars. 

High speed passenger and general service : 
: roller bearings. 

Reason : roller bearings. 

Less important stock. 


Present practice : journal bearing metal 
M. J. B. — B. 26 lined with journal bearing 
ining. 


| Preference 


. 
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Wagons. 
Journal bearing metal M. J. B. — B. 26 
lined with journal bearing lining J. B. L. 


Bai 7: 


Reason : idem. 

The type of axlebox preferred for plain 
bearings is the hinged lid one piece box 
having journal bearing wedge, the removal 
of which permits the withdrawal of the 


journal bearing without lifting the vehicle. 


Ceylon Railways. 
No reply. 


Pennsylvania Railroad Co., U.S. A. 


Locomotives driving boxes are of heavy 
steel construction to withstand the stress 
of service. Car boxes are designed to suit 
the spring application and are cast-iron 
or steel. 


Sudan Railways. 
(a) Locomotives. 


Brass crown and side horse shoe liners, 
on a steel box, wool waste packing. White 
metalled pockets in crown brass. 


(b) Carriage and wagon. 

(All except the 120 roller bearing boxes, 
and the 48 Isothermic boxes referred in 
replies to previous questions. ) 

Cast-iron boxes with loose cast-iron 
slippers and white metalled brasses, wool 
waste packing. 

In this category Isothermos boxes are 
preferred to all other types (see answer to 
Question 30) on account of their freedom 
from hot boxes and less attention being 
necessary between shopping. First cost is 
much greater than for equivalent normal 
carriage and wagon oil lubricated axleboxes. 


Indian Government Railways. 


Cast steel and bronze composite axle- 
boxes standard for oil lubrication. Cast 
steel boxes with slip in bronze or solid 
bronze boxes standard for grease lubri- 
cation. Cast steel axleboxes standard for 
carriage and wagon stock. Such boxes 
permitted for all services. 
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New Zealand Government Railways. 


Steam locomotives. 


Roller bearing driving and bogie boxes 
have been fitted on the more recently 
designed locomotives used for high speed 
work. On earlier high speed locomotives, 
roller bearing bogie boxes were adopted 
where these seemed desirable. 


Electric locomotives. 


Of the four types of electric locomotives 
two have plain bearing axleboxes, the other 
two roller bearings reason, application 
of roller bearings is a later development, 
the type of service has had no bearing on 
the matter. (See also reply to Question 33.) 


Multiple units and rail cars. 


Have roller bearing axleboxes. 


Passenger stock. 


Passenger cars and vans more recently 
built and running on express services have 
roller bearings. (See also reply to Ques- 
tion 30 re. Isothermos axle boxes.) 


South African Railways and Harbours. 


Selection of type of axlebox is made from 
the load speed factors and the desirability 
of freedom from hot boxes. 


E. WEARING AND FRICTION METALS 
QUESTION 37. 


What are the details, in your opinion, the 
wear of which limits the mileage between 
repairs? 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Steam locomotives. 


Principally tyres; axlebox guide and 
wheel faces and, to a lesser extent, journals; 
piston valve liners. 
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Coaching stock. 


Tyre wear limits the mileage betweer 
repairs on both carriages and wagons. 


Eastern and North Eastern Regions. — 


Steam locomotives. | 
Tyres, motion, valves and piston, brake 
rigging. | 


Electric motor coaches. 


Tyres, bolster clearances, side bearer 
pads, brake rigging. 
Carriages. 

Tyres, bolster clearances, side bearer 


pads, brake rigging. 
Wagons. 


| 
ee | 
Principally tyres. | 

Western Region. | 
Locomotives. 


Wear of crossheads, coupling and con 
necting rod bushes and cylinder and pistoni 
valve liners, also tyres and axleboxes. 


Carriages and wagons. — hollowness of tyres 


Southern Region. 


Locomotives. 
Motion details, pistons, tyres, and axle+ 
boxes. 


Carriages. 
Tyres, axleguards, bogie suspension gear. 
Wagons. 


Tyres, axleguards, axleboxes, draw and 
buffing gear. 


London Transport Executive. 


If «repairs» is interpreted as wor 
carried out at running depots, then tyr 
wear (i. e. sharp and deep flanges) is th 
limiting factor. 


Victorian Railways, Australia. 


Steam locomotives. 
Wear of boxes on hub faces. 
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Electric locomotives. 
Thickness of journal bearing lining. 


Electric motor coaches, cars, wagons. 
Thickness of journal bearing lining. 


Ceylon Railways. 
No reply. 


1 


Pennsylvania Railroad Co., U. S. A. 


ta «drop pit» and reapplied after re- 
onditioning. There are no details on 
ur equipment on which the wear esta- 
blishes the period between shoppings; but, 
vyhen running repairs of equipment become 
co frequent, it is shopped for classified 
general) repairs. The periods between 
lassified repairs are listed under answer 


Sudan Railways. 


| Chief cause of trouble is the wear created 
y the ingress of dust, causing an abrassive 
ction on the bearing. 


Indian Government Railways. 


Nothing to report. 


ew Zealand Government Railways. 


eam locomotives. 


‘Tyre wear, axlebox wear, crank pin 
ear, piston rod wear in spring gear. 


‘ectric locomotives and multiple units. 


Tyre wear. Wear in spring gear and 
‘ake rigging. Wear in motor bearings. 
he application of roller bearings to motors 
's improved the mileage figure between 
erhauls. 


ul cars. 


Fabricated material and manganese steel, 
¢ axlebox guides, bogie bolster guides, 
le control piston bearing plates, and 
at plates. 
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Coaching and wagon stock. 


lyre, axleboxes, axlebox guides, brake 
rigging and condition of bodywork. 


South African Railways and Harbours. 
Steam locomotives. 


Crown knock, condition of tyres and 
front end, and position of horn wedges are 
usually deciding factors apart from the 
boiler and general condition of the locomo- 
tive. The service, nature of track and 
attention at last intermediate repair deter- 
mines whether boxes, tyres or wedges are 
mostly in need of repair. ; 


QUESTION 38. 


What materials are used to reduce the wear 
of details subjected to friction (axlebox 
guides, various joints, etc. De 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Steam locomotives. 


Manganese steel for axleboxes and guides; 
special wearing materials not used in 
general for any other details. Nitrided 
surfaces tried for piston valve liners, but no 
appreciable improvement over ordinary 
cast-iron, Nickel cast-iron for piston rings 
was also unsuccessful. 


The use of case-hardening steel for cer- 
tain details, including some pin joints, 
has been superseded by that of 32 — 38 
ton steel not case-hardened, but case-hard- 
ened bushes have been used extensively 
as an alternative to bronze for motion 


bushes. 


Coaching stock. 


Manganese steel liners are used on the 
axleguards and axleboxes of the motor 
bogies on electric stock and steam stock 
to a limited extent. 
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Eastern and North Eastern Regions. 


Locomotives. 

Manganese steel liners have been fitted to 
axleboxes and horn faces in conjunction 
with both plain and roller bearings coupled 
and carrying axleboxes. 

Chrome hardened piston valve liners have 
been tried but no appreciable improvement 
could be determined over standard sand 


cast liners. 
Extensive use of high carbon steel bushes 
in brake gear. 


Carriages and wagons. 

Manganese steel liners have been fitted to 
axleboxes and horn rubbing faces and to 
bolster rubbing blocks and faces. 

Extensive use of high carbon steel bushes 
in brake gear. 


Western Region. 


Locomotives. 
Cast steel boxes with bronze crown 
brasses, these brasses being lined with 


whitemetal. Hornways fitted with bronze 


liners. 


Carriages and wagons. 

Cast iron boxes in two halves. Loose 
brasses lined with whitemetal. 

Above designs chosen because of long 
life, low first cost and low maintenance 


costs. 
Southern Region. 
Locomotives. 


Manganese steel, bronze and whitemetal. 


Carriages. 
Axlebox guides fitted with manganese 
liners. 


Bolster rubbing plates. 


Use fabricated materials in conjunction 
with cast iron wearing plates, average life 
4 1/2 years. Wearing plates are refaced 
and used again. 

Fabricated material when worn can be 
utilised for other purposes. 
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Bogie bolster suspension Fig. 19. 

Since 1934 have used non-adjustable 
knife-edge bolster swing links. 

Vehicles adjusted by shims under the 
bolster springs: no links yet replaced due to 
wear. | 


London Transport Executive. | 
| 


Manganese steel is used for many parts | 
liable to wear, such as axlebox guides and 
buffing gear wearing surfaces. 


Victorian Railways, Australia. 


Steam locomotives. 
Hubliners of C. A. T. — B. 19 metal. 
Composite liners of « Mintex » ZSL and | 
« Railko » are being submitted to test. | 
13 to 14 % manganese steel for horn! 
cheek liners. Phosphor bronze PB. B 3 for) 
horn shoes and wedges. | 


| 
| 


Electric locomotives. 


Wearing plates of ingot iron or mild 
steel. Plates case-hardened for axlebox andi 
horn cheek liners. 


Rail cars. 


« Mintex » used for wearing surfaces 
of axelbox of Walker Diesel rail cars. 


As for electric locomotives. 


Electric motor coaches. | 
Cars. | 


Timken roller bearing axleboxes ha 
liners of 13 to 14 % manganese stee 
welded on. 


Wagons. 


Wearing plates of spring steel hardeneg 
or mild steel case-hardened are welded o} 
riveted on wearing surfaces. 


Ceylon Railways. 


Manganese steel, « Mintex», « Fer 
bestos » anti-friction materials tried any 
given up due to difficulty in obtaining the 
locally for replacements. Non-ferrous liners 
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anti-friction whitemetal etc., are used 


instead. 


Pennsylvania Railroad Co., U. S. A. 


Journal (axle) box guides and truck 
frames have hardened steel liners to reduce 
wear. Brake levers, generator hangers, 
swing (bolster support) hangers and other 
points of wear are equipped with hardened 
steel bushings to reduce wear to the mi- 
nimum. 


Sudan Railways. 


Nil. Found cheapest to build up worn 


parts. 


Indian Government Railways. 


Nothing to report. 


New Zealand Government Railways. 


Steam locomotives, electric locomotives, multiple 
units and coaching stock. 
Fabricated material and manganese steel 
liners (axleboxes, horn guides, bogie cen- 
tres). 


Rail cars. 

Fabricated material and manganese steel 
liners (axleboxes, horn guides, bogie cen- 
tres). See 37. Lay-rub joints in all transmis- 
sion shafts, Timken rollers for bogie centres. 


Wagon stock. 

Axlebox guides manganese steel liners 
fitted by welding, and axleboxes are also 
made in cast steel instead of cast iron. ‘The 
guides have been made wider. 


South African Railways and Harbours. 


Coupled wheel axlebox guide shoes and 
wedges are forged from steel 45 tons tensile. 
Locomotive and tender bogie axlebox guide 
shoes are cast iron. 

Coupling rod knuckle joint pins are of 
steel, case-hardened, working in bronze 


bushes. 
Coupling and connecting rods are fitted 
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with steel fixed bushes (45 tons tensile un- 
hardened) pressed into the rod and bronze 
floating bush between steel bush and crank 
pin. Lubrication is by hard grease. 

All valve motion parts are fitted with 
bronze bushes working on case hardened 
pins. Holes for pin in brake and spring 
gear on locomotives are fitted with bushes 
of steel, case-hardened, and pins are also 
case-hardened. 

On carriage and wagon stock, the pins 
and bushes in the brake gear are not case 
hardened. 

The use of 11 % — 14 % manganese 
steel wearing plates, either castings or rolled 
plate liners, has been found advantageous 
mainly on roller-bearing axleboxes and 
guides and the practice is being gradually 
extended. 


QUESTION 39. 


What methods have you adopted to make 
good worn details (e. g. fitting washers or 
bushes at joints, using easily replaceable 
wearing portions, etc. ).? 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 


Steam locomotives. 


The following are examples of the appli- 
cation of the principle of renewable wearing 
portions : 

Piston head rubbing pieces. 

Axlebox flanges. 

Axlebox guides. 

Delivery cone of exhaust injector. 

Boiler expansion angle liners. 

Intermediate buffer heads. 

Making good worn details by re -bushing> 
building up by welding and re-wh itemetal- 
ling is normal practice. 


Coaching stock. 


The liners and fork ends of all pin join t§ 
on carriage brakework are bushed with case- 
hardened or heat treated steel bushes. 
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Eastern and North Eastern Regions. 


Worn piston heads where integral with 
rods are built up on periphery and _ re- 
turned. 

Axlebox steel boss faces renewed by fitting 
bronze liners. 


General practice on locomotives, carriages 
and wagons to build up worn details by 
welding and bushing or re-bushing. 


Western Region. 


By fitting of washers and bushes where 
practicable and economical. 


Southern Region. 
~ Locomotives. 


Worn details repaired by nickel-plating, 
welding and bushing. In new designs 
details subject to wear are bushed. 


: 
Carriages. 


Case-hardened bushes in details subject 
to wear at pin holes. Pins are also case- 
hardened. 

Worn parts are also built up by welding 
where worthwhile. 


Wagons. 


Worn parts built up by welding where 
worthwhile. 


London Transport Executive. 


Extensive use is made of bushes for 
wearing joints, etc. Manganese steel 
wearing pads are fitted on the bogie frame. 


Victorian Railways, Australia. 


Most holes for pins for brake gear, spring 
gear, etc., are provided with bushes of 
ingot iron or steel class J, bright drawn 
steel or solid drawn steel tubing all of case 
hardening quality. 

They are carburised after machining for 
stock then hardened after cutting or drilling 
for oil holes and grooves. 

Mild steel replaceable wear parts are 
used for spring seats on axleboxes. 


‘ 


38} 
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Ceylon Railways. 
Wes: 
Pennsylvania Railroad Co., U. S. A. 


All major wear points are fitted with 
bushes or removable wearing plates that 
can be renewed when excessively worn. 


Sudan Railways. 


All brake gear bushed in machine shop. 


Indian Government Railways. 


Use replaceable wearing portions or 
bushes. 


New Zealand Government Railways. 


Steam and electric locomotives, and multiple units. 

Liners, renewable bushes, repair sizes of 
packing (for springs) and welding. 

Rail cars, coaching and wagon stock. 

Bushes and pins in brake gear, spring 
gear, bogie bolster control gear, exhaust 
mountings, as applicable. 

South African Railways and Harbours. 


Easily replaceable wearing portions, in 
the form of renewable liners or bushes, are 
provided wherever practicable. 


QUESTION 40. 


Have you adopted any special arrangements 
to avoid reciprocal friction between the 
different details (e. g. guiding by articulated 
links on silent bloc, etc. )? 


REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
No. 
Eastern and North Eastern Regions. | 


No. 


760/78 
Western Region. 

No. 
Southern Region. 

No. 


London Transport Executive. 


Experiments with a new type of rubber 
bolster suspension are in progress. 


Victorian Railways, Autralia. 


No, except that rotation of pin in a 
fork and eye joint is prevented in one 
of the articulated members. 


Ceylon Railways. 
No. 


Pennsylvania Railroad Co., U. S. A. 


Use anchor rods to position passenger car 
truck bolsters where the movement is 
compensated for by the deflection or rubber 
washers. 


Sudan Railways. 
No. 


Indian Government Railways. 


Nothing to report. 


New Zealand Government Railways. 


Steam locomotives. 

The Baker-Pilliod. Valve gear used on 
«J» and « Ja» locomotives replaces the 
sliding die block and expansion link of the 
standard Walschaert motion by a system 
of levers with needle roller bearings. 


South African Railways and Harbours. 
No. 
QUESTION 41. 


Do you use with spring suspension details 
any protection devices on the parts subjected 
to friction (supports for the adjusting spring 
links, buckles, etc. )? 
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REPLIES. 
BRITISH RAILWAYS. 


London Midland Region. 
No. 


Eastern and North Eastern Regions. 
Steam locomotives. 


No. 


Electric motor coaches, carriages and wagons. 
Bogies have knife edge suspension. 


Western Region. 


Southern Region. 
No. 


London Transport Executive. 


No. 


Victorian Railways, Australia. 


No, except for some passenger bogies, 
where safety straps are provided under the 
spring borne bolsters. 


Ceylon Railways. 
No. 


Pennsylvania Railroad Co., U. S. A. 


Adjustable spring links are no longer 
used on this railroad and all adjustment 
necessary is made with steel shims. 


Wear points are usually hardened steel 
surfaces. 


Sudan Railways. 
No. 


Indian Government Railways. 


Nothing to report. 


cai 


ty 
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New Zealand Government Railways. 


All rolling stock, other than electric locomotives. 
No. 


Electric locomotives. 
Safety brackets incorporated with the 
spring gear. 
South African Railways and Harbours. 
No. 


F. SPRINGS. 


QUESTION 42. 


What methods have you adopted to lessen 
the number of spring failures (weakening, 
Sractures, etc. )? 

a) for laminated springs; 
b) for spiral springs; 
c) for volute springs; 
d) for other types of springs (torsion bar, 
etc. ). 
REPLIES. 
BRITISH RAILWAYS, 


London Midland Region. 


Steam locomotives. 


(a) Rigid inspection of material. Careful 


examination of plates at repair. 
Reduction in deflection at scrag test. 
Detection = 
(Length of top plate in inches)? 
1200 x thickness of plates in inches. 
Adoption, where practicable, of wedge 
fixing for buckle obviating drilling or 
slotting of plates in centre. 
(4) Rigid inspection of material. 
examination at repair. 


Careful 


Coaching stock. 


We do not suffer from spring failures 
to any extent other than wagon buffing and 
drawgear springs which have been strength- 
ened or replaced with rubber springs. 


Eastern and North Eastern Regions. 


Steam locomotives. 
The adoption of ribbed section plates 
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for laminated springs and Timmis section 
bars for helical springs have greatly reduced 
the number of spring failures. 


The life of the springs has also been 
extended by the general adoption of rubber 
auxiliary springs referred to in Question 47. 


Volute and torsion bar springs are not 
in use. 


Carriages and wagons. 


The failure of laminated and coiled 
bearing and bolster springs is not generally 
experienced. 


Volute and torsion bar springs are not 
in use. 


Western Region. 


By using steel with closer carbon limitation 
than is permitted by the relevant British 
Standard Specifications and by the use of 
pyrometry controlled furnaces which main- 
tain correct temperatures for hardening and 
tempering the springs, uniform springs are 
produced which vary little from the designed 
carrying capacity and _ stress. Modern 
springs have flat back plates and spring 
pads or location of the spring links and this 
arrangement eliminates failure of rolled or 
forged eyes which were hitherto experienced. 


Southern Region. 
Locomotives and other rolling stock. 


Use types (a), (b) and (c). 
steps considered necessary. 


No special 


Material and springs must comply with 
British Standard Specifications. 


London Transport Executive. 


(a) Shot peening of tension faces. 


(b) All spiral springs of circular section are 
manufactured from ground bar, magne- 
tically tested before coiling. 


(c) These types of springs are not employed 
on L. T. E. railway rolling stock. 
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Victorian Railways, Australia. 


(a) For laminated springs : 

Back plates of springs are submitted to 

magnetic particles test for detection of 

flaws. 
Each finished spring is subjected to : 

(:) Scragging test : The spring shall not 
show any permanent set after the 
test load has been applied and 
released three times in rapid 
succession. 

(ii) Deflection test The specified 
working load is gradually applied 
and the loaded camber must not be 
less but may be up to 1/4” over that 
specified. Stresses under working 
(static) load for carbon steel springs 
not to exceed = 
30 T. P. S. I. for engine bogie and 
trailing truck; 

28. T. P. S. 1. for engine coupled 

underhung springs; 

32° T)P.S. 1: for engine coupled 
overhung springs: 

35 T. P. S. 1. for cars, vans, wagons, 
tram cars. 


TP. le isstons (2.240) lpssijper 
square inch. 
(6) For helical springs : 

Springs are cooled down after manu- 

facture and afterwards hardened and 

tempered. 

Each finished spring is subjected to 

(i) A scragging test : Spring is fully 
compressed by a quick acting scrag 
and the height measured after 
release. It shall then show no per- 
manent set after scrag has been 
applied five times in rapid succes- 
sion. 

(ii) Deflection test : A sample spring 
to each new design is submitied to 
test and a load deflection graph 
obtained and forwarded to the 
rolling stock engineer for approval. 


(c) Volute springs. 
Volute springs limited to buffers and 
draw springs which are both obsolescent. 
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(d) For other types of springs (torsion bar, 
Elie) 
None. 
Ceylon Railways. 


a 
b) \ Modifying sections where found ne- 
cessary. 


Pennsylvania Railroad Co., U. S. A. 


Methods used to reduce spring breakage 
ares 

(a) Laminated spring life has been increased 
by enlarging and rounding the nib that 
holds the plates in proper relationship, 
careful heat treatment, and keeping the 
stresses within proper limits. 

(b) Helical (spiral) spring life has been 
increased by careful heat treatment 
and keeping stresses within proper 
limits. 

(c) and (d) Volute and torsion springs are 
not used on this railroad equipment. 


Sudan Railways. 


(a) Eliminating centre rivets and substitut- 
ing nibbing and stud through top of 
buckle. 


(b) Nil. 
(¢) Nil. 
(d) Nil. 
Indian Government Railways. 

No reply. 

New Zealand Government Railways. 
Steam locomotives, rail cars, coaching and wagon 

- Stock. 

Use coil and laminated springs. Design 
and specify coil springs for purchasing 
manufacture laminated springs. ‘The 
failure of laminated springs has been 
investigated : the result should lessen the 
number of failures. Generally no trouble. 
Multiple units. 


Spiral springs on bolsters gave trouble due 
to overloading. The spring was strength- 


ened by increasing the diameter of the © 


metal, and this overcame the trouble. 
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South African Railways and Harbours. 


All laminated springs scrag tested as laid 
down in specification No. C. M. E. 6/1949, 
clause (7). (CE) (*). 

Helical springs scragged «home» as 
laid down in specification No. C. M. E. 
MMOD clause.o+(H,) 6"), 

Deflection under working load checked 
after scragging. 

Volute springs only used in a few isolated 
cases. 

Torsion bar springs not used. 


(*) Co-Reporters’ comment : Generally com- 
ply with British Standard Specification, 
Report No. 24, Part 3, for Carbon Steel 
Springs. 


QUESTION 43. 


Are these failures brought about by the 
quality of steel, the design of spring, or 


Type 
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manufacturing processes (state especially if 
you use oil or water hardening steels and 
the results obtained in each case; state 
quality of steel used)? In those cases 
where the quality of steel is the cause, what 
arrangements have you adopted to ensure 
the consistent quality of steel? Attach 
Specifications and state what steps you take 
to ensure the correct quality of steel being 


supplied. 
REPLIES. 


BRITISH RAILWAYS. 
London Midland Region. 


Failures may result from any of the 
causes named and also from corrosion of 
plates. 

Both plain carbon, water hardened, and 
silico manganese, oil hardened, steels are 
used : 


Chemical analysis of spring steel bars : 


Chemical analysis 


Quality of 
spring 


Carr. 


Wagon 


Silico 
manganese 


3 per cent of the bars subjected to camber- 
ing test. Scragging test for laminated springs: 
All springs unless otherwise ordered shall 
be tested by being deflected in a steam press 
or other suitable scrag before the buckle 
has been put on by an amount equal to : 


by eficctive) leneth) of ‘top splate —im 
inches measured along the arc. 
thickness of plate in inches. 


Mn. 


o/s 
40 


10 
approx. 


70 
approx. 


.70/1.0 


Each spring shall withstand being deflect- 
ed once to the specified amount, and must 
then withstand three further deflections 
in quick succession without showing any 
signs of failure or permanent set. 

The scrag in which the springs are tested 
must be a quick-acting machine, capable 
of 70 strokes of 4 inches per minute. 

Any spring standing under the specified 
height or more than 1/4 inch above the 
specified height will be rejected. 
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The springs will also be tested after the 
buckles have been fitted under varying 
loads to determine the range and deflection 
per ton. The Company’s Inspector will 
select from the bulk up to 5 per cent. of the 
springs submitted for the purpose of the 
load test. 

Springs found incapable of carrying the 
specified loads will be rejected. 


The oil hardened steels are used for the 
more modern locomotives with higher axle 
loads, but the results are not markedly 
superior to those of water hardened steel 
used on the earlier classes. 


A recent decision has been taken to use 
oil hardening carbon steel in lieu of silico- 
manganese steel as giving equal perform- 
ance at a reduced cost. 


Eastern and North Eastern Regions. 


Attribute failures of locomotive springs 
almost entirely to the severity of the work- 
ing conditions. As the road condition of the 
tracks has improved considerably in later 
years, spring failures have thereby been 
reduced. 

Carriage springs are considered to work 
under more favourable conditions. 

Laminated springs for all classes of 
rolling stock conform generally with British 
Standard Specifications, but carbon content 
is specified as under : 


The plates shall not show on analysis 
more than .85 per cent nor less than 
-/ percent of carbon am the case of 
plates which are to be oil hardened, 
nor more than .55 per cent. nor less 
than .45 per cent in the case of plates 
which are to be water-hardened. 


Buckles are of steel and.where lugs are 
incorporated they are machined out of the 
solid. 


Experience of oil-hardened springs has 
shown that they are softer and lose camber 
more than water-hardened springs; the 
tendency of plates to fracture seems to be 
less, Generally theré is little to choose 
between the two methods of hardening the 
spring plates. 
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Western Region. 


Experience has shown that if steel with 
wide range of carbon content is used and 
there is a variation, unsatisfactory springs 
may be produced. 


Water hardened steel is used for all 
laminated springs and oil hardened steel 
for coil and volute springs. 


Specifications : 


Water hardened. 


British Standard Report 24. Part 3. Speci- 
fication 6x but with carbon content .5 to 
.55 °% and manganese content .65 to ./3 %,. 


Oil hardened. 


British Standard Report 24. Part .3 Speci- 
fication 7x but with.carbon content .9 to 
1.0 % and manganese content .6 to .7 Ye 


To ensure that correct steel is used a 
check analysis is taken from each cast of 
spring bar. whether for helical, volute or 
laminated spring. 


Southern Region. 
Locomotives and other rolling stock. 


Material supplied to British Standard 
Specifications manufacture of springs 
closely observed, and springs tested to 
Specification requirements. Designs checked 
and should working stresses be too high 
springs are redesigned to give longer life. 

Spiral springs used for steam carriages 
and electric stock are designed to give low 
stress when «home » to ensure long life 
in service. 

Both oil and water hardened steels are 
used. 


London Transport Executive. 


The few failures occurring may be attri- 
butable to any of the causes specified. Oil 
hardening silico-manganese steel is normaly 
used. Analysis is made of steel used in 
manufacture of springs and checks are made 
on the physical properties of each batch 
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of material supplied. The material is speci- 
fied to be in accordance with British Stan- 
dards Report No. 24. Specification 6 d. 


| Victorian Railways, Australia. 


All three of the above factors have an 
influence on spring failures. Steel as supplied 
is not in all cases entirely free from defects. 

| Special difficulty experienced in obtaining 
alloy steel bars free from longitudinal 
defects. 


Design of springs constantly being im- 
proved. In the latest laminated springs for 
locomotives improvements have been made 
by eliminating forged eyes on back plates 

and substituting flat plates with slots and 
flat links with cotter and cotter seats. 

Riveting spring plates to buckle practically 

eliminated. Design cards control design of 

both laminated and helical springs for the 
best possible performance in service. 


_ Faulty manufacturing processes contribute 
‘to spring failures e. g. incorrect heat treat- 
ment. Practice cards controlling spring 
manufacture, testing, and routine inspection 
issued to workshops for the guidance of all 
concerned. All plates of a laminated spring 
formed to the one radius to suit the free 
camber, this provides sufficient nip in the 
plates. 


For carbon steel water hardening, and 
for silicon chrome steel oil hardening adopt- 
ed. The results are satisfactory. 


Quality of steel. 


Carbon steel bars for laminated springs; 
manufactured from the highest quality 
steel made from selected material by the 
acid or basic open hearth or electric pro- 
cesses and steel to show a maximum Brinell 
hardness number of 228. 


Carbon steel bars for volute and helical 
springs : manufactured from the highest 
quality steel made from selected material 
by the acid or basic open hearth or electric 
processes, and conforms to the analysis 
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Round bars Flat bars 
for helical — for volute 
springs. springs. 
Carbone sour 0.90'to 1.05% 0.85 to 0.959% 
Manganese .. . 0.60 to 0.80°% 0.55 to 0.70% 
Sulphur  Phos- 
phorus 1.28 0.0594 max. 0.059% max. 


Silicon chrome alloy spring steel bars for 
helical and laminated springs are used on 
the « Spirit of Progress » Sydney Express 
Train, important cars and vans, certain 
express passenger locomotives and tenders. 
The permitted stress under static load is 
considerably higher than for carbon steel 
springs. The bars manufactured from the 
highest quality steel made from selected 
material by an approved process and to 
conform to the analysis 


Minimum Maximum 


per cent per, cent 
CAT DOnige yc, eens. 0:47 0.56 
IManeaneses a a: 0.55 0.70 
Chrome ev onta-.r- 0.60 0.80 
DUO n a re ee 1.20 1.60 
Phosphorus Sulphur.{ = — 0.05 


Quality of steel for laminated springs 
controlled by A. S. S. No. 3, 1938, which 
specifies that the steel when rolled must 
be smooth on its surface and free from 
cracks, ridges, scrappiness and defects of 
any kind. Limits of tolerance varies accord- 
ing to thickness from .015” over to .010” 
under, and according to width from .035” 
over to .025” under. 


Up to 3 % of each cast shall be subjected 
to cambering test specified. 


For round and other sections for helical 
spring limits of tolerance, as rolled, varies 
according to bar dimensions from .020” 
over to .010” under. 

All alloy steel bars surface ground or 
alternatively shot or sand blasted, and 
visually inspected for defects. Only those 
bars passed used for the manufacture of 
springs. 


766/84 


Ceylon Railways. 


Water hardening steels are used accord- 
ing to British Standard Specification. 


Pennsylvania Railroad Co., U. S. A. 


Oil is used for quenching springs. Carbon 
steel, having a carbon content of 0.90 to 
1.05 %, is used for plates (or coils) and 
wrought iron or mild steel is used for the 
bands (buckles). Correct quality of steel 
is determined by inspection and analysis. 


Sudan Railways. 


(a) No. Springs generally give good service. 
(b) Specification of laminated and _ helical 
springs. 
Silico manganese — oil hardening — 
to British Standard Specification 24/6/D- 
1942. 
(c) Until recently the specification was 


Silico manganese — water hardening 
— -to British Standard Specification 
24/6/D — 1942. 


Indian Government Railways. 


The design of springs meet load and 
service conditions. Failures generally 
attributed to faulty manufacture. 


New Zealand Government Railways. 


Steam locomotives and other rolling stock. 


The quality of steel is not in dispute, 
being from reputable makers and in ac- 
cordance with British Standard Specifica- 
tion. Carbon steel and_silico-manganese 
steels are both used and as these require 
different heat treatment it is important that 
there should be no confusion as to which 
steel is being handled by the spring maker. 

Failures are due more to wrong processes 


of spring manufacture than to any other 
cause. 


The following recommendations have 
been made, although they have not yet 
been fully adopted. 
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1,.All process work. to| be under ihe 
control of the laboratory which should 
institute 
a) continual random selection and test- 
ing of springs, 
b) continual checking of pyrometers, 
c) identity branding of springs. 


2. Furnace work 


a) Plates to be heated to the requisite 
temperature, bent and set, then 
reheated to the correct temperature 
for quenching. 


Bending, setting and quenching at 
one heat not to be permitted. 

b) Continuous loading of furnace to be 
adopted. Plates to be removed as 
soon as possible after they have 
attained correct temperature. 


Furnace control to be by means of 
continuous recording pyrometers. 


c) Oil firing of furnace to be adjusted 
with a view to removing any tendency 
towards decarburisation of the spring 
metal. 

d) Separate tempering baths required 
for carbon steel and silico-manganese 
steel, recording pyrometer controlled 
if possible. 


Fitting. 


a) « Regulator » method of fitting not 
approved. 


b) All spring plates to be bent to correct 
radius of curvature, and subsequent 
fitting by hammering cold to be 
avoided. 

c) Testing by scragging before buckling 
to be carried out. 

d) Where springs are a bad _ shape 
under load when correctly fitted, 
matter to be represented for investiga- 
tion of the design by the drawing 
office. 


General. 


a) All spring plates of Silico-manganese 
steel to bear an identity stamp. 

b) All finished springs to bear a spring- 
maker’s identity stamp. 
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South African Railways and Harbours. 


Failures are experienced due to varying 
factors. 

Water hardening steel is used for lamin- 
ated springs. 

Oil hardening steel in used for helical 
springs. 

Specifications Nos. C. M. E. 6/1949 
and C. M. E. 7/1945 for spring steel for 
laminated and helical springs respectively, 
are attached. 


Material is subjected to strict inspection 
during and after manufacture to ensure 
that it conforms to specification. 


QUESTION 44. 


Do you use special mounting arrangements 
in order to prevent movement not provided for 
(guiding, joints in the case of spiral springs, 
Fite Jee 


REPLIES, 
BRITISH RAILWAYS. 


London Midland Region. 
No. 


Eastern and North Eastern Regions 


None other than studs for 


bolster springs. 


centring 


Western Region. 


With well made helical springs having 
ground bearing surfaces no special mount- 
ing arrangements are necessary. 


Southern Region. 
Locomotives, carriages and wagons. 
No, but springs are located by recesses 


or spigots to ensure position and alignment. 


Stops are provided in some instances to 
prevent springs going « home ». 


No other guiding devices adopted. 
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London Transport Executive. 
No. 


Victorian Railways, Australia. 


Guides are provided to control the lower 
end of helical springs on bogies for the 
« Spirit of Progress » Sydney Express Train, 
to prevent movement other than in the 
vertical direction. 

Ceylan Railways. 

No reply. 


Pennsylvania Railroad Co., U. S. A. 
Special guiding arrangements for springs 


are not used. 


Sudan Railways. 


No. 


Indian Government Railways. 


Nothing to report. 


New Zealand Government Railways. 


Steam locomotives and other rolling stock. 


No. 


South African Railways and Harbours. 


Special mounting arrangements to pre- 
vent movement not usually provided for. 
Only used in isolated special instances. 


QUESTION 45. 


Are laminated spring buckles fitted hot or 
cold? State methods, process and results 
obtained? 


REPEIES: 
BRITISH RAILWAYS. 
London Midland Region. 


Steam locomotives. 


Earlier designs of springs have buckles 
fitted hot. Modern designs have buckles 
fitted cold with wedge and key fixing. No 
marked effect on the performance of the 
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springs, but lif> of buckle is longer when 
fitted cold and use of rivet avoided. 


Coaching Stock. 


All laminated carriage and wagon springs 
are buckled hot. 

The spring plates which have previously 
been bolted together are placed in a vice 
and the bolt withdraw. The buckle is placed 
over the spring and a heated rivet inserted 
through the buckle spring and plates. 

The buckling is completed in a two ram 
hydraulic buckling press and the rivet 
closed. Results are satisfactory. 


Eastern and North Eastern Regions. 


All buckles are pressed on hot by hy- 
draulic pressure. Satisfactory results are 
obtained. 


Western Region. 


Laminated spring buckles are fitted hot 
and pressed in position by hydraulic press. 
Entirely satisfactory results are obtained 
by this method. 


Southern Region. 


Springs are hot buckled under hydraulic 
press. Good results. 


London Transport Executive. 


Laminated spring buckles are fitted hot 
and each leaf is «nibbed» to prevent 
longitudinal movement. 


Victorian Railways, Australia. 


Assembly of spring is as follows : 

Each spring plate coated on the sides in 
contact with adjacent plates with a mixture 
of graphite and oil. Care taken to see that 
steps between plate ends are of uniform 
length and that no plates are skewed. 


The steps between ends of spring plates 
vary not more than 1/8” in length. 


The buckles heated to between 880° and 
920° C and lightly driven to their position 
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central on the plates. The buckle then 
pressed up to the plates and held there until 
reasonably cool. Bottom of buckle must 
not be caulked or peaned. 


The results quite satisfactory. 


Ceylon Railways. 


Hot pressed under hydraulic pressure. 


Pennsylvania Railroad Co., U. S. A. 


Laminated spring bands (buckles) are 
heated to forging temperature and applied 
by hydraulically pressing spring band 
against the plates. 


Sudan Railways. 


Hot. Close buckles under a press. Very 
good results are obtained. 


Indian Government Railways. 


Buckles fitted hot and method of fitting 
proved satisfactory. 


New Zealand Government Railways. 


Steam locomotives and other rolling stock. 


Buckles fitted hot. 


South African Railways and Harbours. 


Spring buckles fitted hot. Spring plates 
at set, nipped up, etc., after heat treatment 
and tested for load and camber. There- 
after they are buckled in an hydraulic 
press. Results are good, and loose buckles 
very rare. 


QUESTION 46. 

What method do you use to prevent the 
buckle sliding longitudinally along the 
leaves, one in relation to the other? 

REPLIES. 
BRITISH RAILWAYS. 
London Midland Region. 
Steam locomotives. 
On hot buckled springs a centre rivet is 
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used. On cold buckled springs each plate 
is « nibbed » into the other and the whole 
‘secured by a wedge and key. 

A method of suspension which discou- 
rages buckle shifting is that where the links 
or hangers are underhung, 1. e. in tension. 
‘This has recently been refined by the 
introduction of an articulated joint between 
buckle and axlebox. 


) Coaching stock. 


Spring plates and buckle are drilled or 
{| punched centrally and secured by a rivet. 


Eastern and North Eastern Regions. 


Centre circular and cotter shaped rivets 
fitted to all spring buckles. 


Western Region. 


Rivet is placed through buckle and spring 
plates. 


Southern Region. 


Locomotives. 

Plates are nibbed and slotted with top 
plate by set screw through buckle, plates 
} dented at centre of buckle. 


‘Carriages and wagons. 


Plates as for locomotives except for 
) denting. 


Rivet through buckle and _ plates. 


London Transport Executive. 


Laminated spring buckles are fitted hot 
ft and each leaf is «nibbed » to prevent 
¢ longitudinal movement. 


Victorian Railways, Australia. 


Centre fastenings wherever practicable be 
} the downward nib type. If bolts or rivets 
j are unavoidable their diameter shall be 
| 1/8” of the width of spring plate but not 
{ more than 1/2” and the hole not more than 
| 9/16” diameter. The holes for the bolt or 
) rivet drilled. 
| The nib in the bottom plate engages in 
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a hole centrally located in the buckle. 
For locomotive springs a set screw with 
end suitably rounded is screwed tightly 
through a tapped hole in the buckle through 
a hole in the upper dummy plate into the 
corresponding nib depression in the back 
plate. In general, for car elliptic springs 
the outer surface of the buckle itself is 
nibbed downwards while hot to engage in 
the nib recess in the back plate. No dummy 
plat is used. 

Side play checks provided for springs over 
36" long. They are of the downward nib 
and slot type and commence at the third 
plate from the top and finish at the third 
plate from the bottom. 


Ceylon Railways. 


Nibs and/or set screws with packing 
plates. 


Pennsylvania Railroad Co., U.S. A. 


After the spring band is applied by 
hydraulic pressure, the band is cooled by 
immersing in oil which results in further 
tightening of the band on the plates due to 
band shrinkage. 


Sudan Railways. 


Nibbing, with a stud through top of 
buckles. 


Indian Government Railways. 


The springs nibbed in the centre and the 
buckle effectively secured to the plates, 
using a set-screw or a rivet. 


New Zealand Government -Railways. 


Steam and electric locomotives, multiple units and 
rail cars. 


Nibs, packing plate and set-screw. 


Coaching and wagon stock, and rail cars. 


Long rivet through buckle and leaves. 
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South African Railways and Harbours. 


Spring plates nibbed at centre and hot 
pin rivetted in at top of buckle. 


QUESTION 47. 
(for suspension, 
etc. )? What 


Do you use rubber springs 
for shock and for drawgear, 
are the results obtained? 


REPLIES. 
BRITISH RAILWAYS. 


Lendon Midland Region. 


Steam locomotives. 


Yes. Rubber springs used extensively for 
drawgear with good results. 

Also used in later designs of engine and 
tender spring suspension. Considered bene- 
ficial especially in conjunction with links 
having screw adjustment. 


Coaching stock. 


Rubber springs are used for all the 
purposes mentioned with _ satisfactory 
results. 


Eastern and North Eastern Regions. 

Mes: 

Rubber springs used extensively in the 
buffing and draw gear of locomotives and 
other stock as auxiliaries to laminated and 
helical bearing springs. 

Auxiliary springs have given a consi- 
derably increased life to the spring bolts 
to which they are fitted. 

Rubber springs used in connection with 
carriage draw and buffing gear have proved 
most effective as a means of eliminating 
the noise, which is frequently associated with 
steel springs used in such places. 


Western Region. 


Auxiliary rubber bearing springs used on 
engines, carriage bogies and some freight 
stock. Rubber pad used on locomotive and 
carriage drawgear. 

For wagon drawgear, both rubber and 
steel springs used. No conclusive evidence 
that rubber is superior to steel for wagon 
drawgear. 
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Southern Region. 


Yes. Good results providing care is 
taken not to unduly stress the material 
by overloading. 


London Transport Executive. 


Rubber springs are used for some types 
of drawgear, buffing gear and suspension 
springs. No difficulty has been experienced. 
in their use. 


Victorian Railways, Australia. 


Express passenger locomotives. 


Reversing gear rod in some instances 
fitted with rubber shock absorbers. 


On some rail motors a rubber cushioned 
wheel having a number of rubber blocks, 
between tyre and wheel centre have been 
tried, but they are obsolescent. 


On bogies for the « Spirit of Progress » 
Sydney Express Train and similar cars,. 
rubber pads under the side bearing helical 
springs and the side bearing rubbing blocks. 
are used. 


| 


In addition on these cars sandwiched 
between a two piece bogie centre plate is 
a specially shaped Spencer Moulton pad 
having mild steel stabilising plates moulded 
into it. 

Insulating bushes around the bolts secur- 
ing the centre plate as well as the side 
bearing rubbing blocks are provided. Shore 
hardness of 50 is specified for all rubber 
components. 


The use of these rubber blocks and rubber 
pads helps to reduce transmission of noise 
into the interior of steel cars. 


Ceylon Railways. 


Yes; very satisfactory. 


Pennsylvania Railroad Co., U. S. A. 


Rubber spring type draft gears are used 
extensively in passenger cars. Elimination 
of noise is the principal benefit. 
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Sudan Railways. 


No. 
able for 


‘The climate is not considered suit- 
rubber. 


Indian Government Railways. 


Rubber springs use din buffers of carriage 
and wagon stock draw gear and auxiliary 
springs of locomotives with entirely satis- 
factory results, and particularly as shock 
obsorbers reduce the failures of heavily 
stressed metallic parts under shock loads. 


New Zealand Government Railways. 


Steam locomotives and other rolling stock (as 
applicable ), excluding wagons. 
Buffers, drawn gear, auxiliary springs. 
On «Eo» (Otira) locomotives we use 
rubber under the spring hangers. This has 
resulted in a reduction in the number of 
spring hanger failures on these locomotives. 


Results very satisfactory. 


Rail cars. (Additional uses. ) 


Engine mountings, bogie bolster centre 
mounting and float block mounting. 


South African Railways and Harbours. 


Rubber springs used for drawgear with 
-satisfactory results. Also used for the motor 
nose suspension and spring hanger auxiliary 
springs on motor coaches. 


SUMMARY OF REPLIES TO 
QUESTIONNAIRE. 


A. GENERAL. 


1. — The Regulations of the Adminis- 
trations governing the maintenance and 
repair of rolling stock vary greatly in detail, 
but a common feature has emerged indi- 
cating that it is usually the condition of 
the tyres which determines the time in 
service. ‘The wear on tyres has been vari- 

_ously expressed in terms of : mileage, time 
and actual amount.of wear, and it is difficult 
) to form any opinion which is the best basis. 
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The actual amount of wear would 
appear to be the most vital and practical, 
the other measures being adopted as the 
result of experience and peculiar to the 
Administrations’ bureaucracy, with a view 
to keeping a uniform flow of work through 
the repair shops. The elasticity of the 
regulations in meeting the service demands 
on the stock is well exemplified by reference 
to the British Railways, and Victorian 
Railways, Australia. 


2. — The majority view is that it has 
been found possible to increase modern 
rolling stock mileage, and the fitting of 
manganese steel liners to the axleboxes and 
horn guides has shown good results in 
the case of the British Railways, and where 
roller bearings are used reduction in mainten- 
ance is claimed. Alternatively, to mileage 
is the heavier and faster duty to which 
locomotives are subjected. 


3. — There is an unanimous view of the 
expediency of applying the lessons learned 
as the result of experience to new stock, ‘and 
repair of existing stock; such action with 
the latter being dependent on economic 
factors. 


B. SOLID WHEELS. 


4 to 10 (inclusive). 


Each Administration has made use of 
solid rolled wheels and the range covers 
all phases of rolling stock. Against the 
advantages claimed, i. e. saving of weight, 
avoidance of loose tyres and lower costs, 
there are reports showing that there are 
considerations which affect the indiscrimi- 
nate use of wheels of this type, and in this 
respect the working conditions would appear 
to be an influence. 


It appears to be advantageous to use 
« one-wear » wheels on account of lower 
first cost. The use of power brakes on 
wagons and higher speed services may be 
expected to reduce the anticipated life 
of such wheels, with consequent earlier 
replacement. In such a case there may not 
bememuchs difterence im «the» real) icost 
of «one-wear » solid versus <« built-up » 
wheels. A suggestion for meeting this 
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contingency favourably in due course, 
is receiving the attention of the British 
Railways. 

No speed limitations have been thought 
necessary for solid wheels and in respect of 
braking, providing cast iron brake shoes 
are used, their performance is satisfactory. 

The physical characteristics for solid 
wheels are fairly uniform, and this remark 
also applies to the chemical analysis. 

Concerning the manufacture of wheels 
with a view to obtaining appropriate 
characteristics on the different parts of the 
section, from the replies one concludes 
such control is left to the discretion of the 
manufacturers. 

11 to 13 (inclusive). 

As these questions are complimentary 
to each, the replies are co-ordinated. ‘The 
general practice of the Administrations 
is to reprofile worn treads and flattened tyre 
surfaces by machining. An exception to this 
practice’ is that of the British Railways 
(London Midland Region), who claim 
economic advantages from depositing of 
metal at the roots of the wheel flanges, this 
departure from customary methods is 
unquestionably of interest. 

The replies also indicate that the re-tyring 
of solid wheels is conditional with the 
design. 


14. — It would appear that tread defects 
are likely to arise when : 

a) The operating conditions demand high 
average speeds, heavy passenger loading 
and rapid braking frequently. 

b) The type of brake blocks employed, i. e. 
cast iron or non-metallic brake blocks, 
also has an important bearing on this 
problem. 


Cc. TYRED WHEELS. 


15. — The quality of steel used by the 
Administrations is broadly similar for 
specific purposes, and is chosen presumably 
to achieve the mileage between repairs. 
Heat treatment of tyres is under manufac- 
turer’s control. 


16. — Tyre shrinkage allowance varies 
and it is not possible to form any conclu- 
sions in regard to the stress imposed in the 
sections to prevent loose tyres, through lack 
of further information respecting diameters. 
of wheels and section of material. It is the 
general view that there is a need for a high 
standard of tyre and wheel centre prepara- 
tion for shrinkage of tyres and it would 
appear that careful technical consideration 
has been given to « Grip allowances » as 
affecting stress in the tyres. The diverse 
tyre expanding operations by electrical, 
gas heating and also coke firing are of 
interest. 


influences their final thickness in service, 
but to what extent the views of the Admi- 
nistrations are in accord it is not possible 


| 
| 
17, — The duty imposed onthe ee | 
to determine from the information supplied. : 


18. — The answer to the elimination 
of flats by welding is in the negative. Re- 
profiling both by grinding and turning 
methods are employed. _ 


19. — Lubricators are used by some of 
the Administrations, but are generally of 
the rail type. 


20 and 21. — The evidence here 
somewhat contradictory, but on balance 
it would seem that lateral displacement of | 
the axles does influence tyre wear. 


22, — Experience, in this direction has. 
been confined to British Railways and the 
New Zealand Government Railways; the 
former reporting satisfactory results, the 
latter the reverse. 


D. AXLEBOXES. 
a) Roller bearing boxes. 


23 and 24. — Considerable experience in 
the use of roller bearing boxes has been 
gained by some of the Administrations, who: 
have furnished data regarding their relia-} 
bility and attention required in service. The 
details of performance will be seen on 
reference to answers to questionnaire. 


25 and 26. — The types of roller bearings. 
employed are diverse, and no doubt usage} 
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will determine the best to adopt for rolling 
stock. 


27. — The technical character of this 
question and replies calls for no special 
> comment. 


28. — The answers to this question by 
the Administrations are comprehensive and 
would appear adequate. 


29. — The necessity for preventing cur- 
rent passing through the roller bearings is 
determined by the electrical conditions 
prevailing. 


_b) Axleboxes with bearing or brasses 
other than ordinary axleboxes with 
oil pads or packing. 


30 and 31. — The general practice is to 
use ordinary axleboxes. The British Rail- 
ways (Southern Region), have used success- 
fully for more than 25 years axleboxes 
incorporating a thrust pad on the covers of 
motor bogie axleboxes, of its multiple 
unit stock. It is now in course of changing 
over to this practice for its express electric 
stock, motor bogies which were built with 
collars on the axle journals. Reason for 
change — very heavy thrust wear expe- 
_rienced on both journal collars and bear- 


ings. The ordinary axleboxes are oil 
lubricated. 
32. — Generally the Administrations 


have little to report, using apparently 
axleboxes of conventional designs. A marked 
departure in respect of wagon axleboxes 
was approved by British Railways (Railway 
Clearing House) in so far that new designs 
of axleboxes need no longer be fitted with 
dust shields. Shields are frequently found 
broken and useless after relatively short 
service, and experience has shown they can 
be eliminated successfully. The cleanliness 
of the interior of the boxes and their running 
performance is at least equal to dust shield 
fitted boxes. These results may be due to the 
favourable conditions of humidity which 
usually prevail in Great Britain. 
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c) Improvements to ordinary axle- 
boxes with bearings and brasses. 


33. — Nothing special to report; there 
has been some active steps taken by the’ 
British Railways to improve locomotives 
in this respect. 


34. — The analysis of antifriction metals 
indicates there is no decided preference to 
use an alloy with a rich tin content 
except for locomotives; and special high 
speed coaching stock. 


35. — The replies indicate the genera- 
appreciation of the need for careful preparal 
tion of the bearings before turning, pouring 
temperatures of the alloy, etc. 

A matter of interest is that British Rail- 
ways were compelled through the shortage 
of tin and lead during the world war, to 
reduce the thickness of white metal linings 
for carriage and wagon bearings, the 
results were satisfactory and the practice 
still continues. 


d) Present practice in the choice of the 
type of box. 


36. — Three Administrations have formed 
definite views in favour of the modern 
roller bearing axleboxes usually for operat- 
ing reasons, others still stand by axleboxes 
produced as in earlier generations. The 
economics of the matter would seem to 
favour the latter, but obviously from the 
data supplied it is now open to question. 


E. WEARING AND FRICTION METALS 


37 to 39 (inclusive). 


As stated earlier wheel tyres hold the 
dominant position time rolling stock is out 
of service; but other contributory causes 
indicate where attention to detail would 
seem to be worthwhile. Employment of 
manganese, fabricated materials case har- 
dened bushes, etc., to give greater working 
life to details is general. It is somewhat 
surprising that few Administrations have 
commented on the recovery of parts by 
welding, usually a most economic  pro- 
cedure. 
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40. — Exploration into new fields under 
this heading would appear to be confined 
to British Railways (London ‘Transport 
Executive). 


41. — There is a movement from set 
forms of adjustment — see Pennsylvania 
Railroad Co. reply. 


F. SPRINGS. 
42 to 46 (inclusive). 


Careful attention to manufacture, the 
choice of material low stress limits and 
compliance with specifications would ap- 
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pear to be the best safeguards against 
spring fractures. There appears to be little 
to choose in performance whether springs 
are water or oil hardened. 

Respecting devices to prevent movement ~ 
only one Administration, i. e. Victorian 
Railways, Australia appears to have con- 
sidered such provision necessary. ‘The- 
practice of hot buckling springs and riveting 
of the plates in the buckles is the practice 
generally. Nibbing is also resorted to keep 
plates in alignment. 


47. — The employment of rubber springs 
for the purposes defined in the question is 
generally satisfactory. 
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